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SECTION 1 
GENERAL INFORMATION 


GENERAL 


The TR4172 Spectrum Analyzer is a microprocessor-controlled, intelligent 
instrument with a frequency range from 50 Hz to 1800 MHz. 

In addition to the spectrum analyzing function, the integrated tracking 
generator of TR4172 enables analysis of frequency response of filters, 
amplifiers, and so on. 

TR4172 is the first spectrum analyzer with a capability for measuring 
phase response and group delay of filters or amplifiers at resolutions 
of down to 0.1 deg and 0.1 ns respectively, up to a frequency of 

1800 MHz. 

The integrated tracking generator, along with the analyzer's intelligent 
control capability, permits correction of the analyzer's frequency 
response itself allowing precision level measurement. 

A wide dynamic range is ensured by the low higher-harmonic distortion 
level of -90 dB at and above 20 MHz, with respect to a signal level of 
-40 dBm. 

The display screen has a dynamic range of more than 95 dB and permits 
direct observation of filter responses with large attenuations. 

The vertical resolution of the scale can be selected from 10, 5, 2, 1, 
and 0.1 dB per division. Observation of a ripple level of even 0.01 dB 
is possible with the maximum resolution setting. 

Use of the SAVE switch makes various measurements available, with which 
up to eight sets of measurement condition data are stored in the 
internal registers and recalled as needed. Since the internal memory is 
backed up by a battery, its contents remain intact even if the device is 
unplugged from its supply outlet. 

All front panel functions are remotely controllable with the GP-IB 


interface (standard supply) for automatic measurement. 
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The CRT display presents all pertinent measurement data. The signal 
response trace and measurement data on the screen can be output to an 
X-Y plotter simply by connecting the instrument's GP-IB connector to the 
plotter's input with a GP-IB cable and operating the relevant 
front-panel switches, without the need for running an output program on 
the GP-IB controller. 

TR4172 also provides various convenient features to enhance measurement 
flexibility and efficiency, such as multiple marker, zoom, automatic 
centering, automatic enlargement, auto-peak search, logarithmic scaling, 


and four page memorized display. 
1-2. FEATURES 


(1) Spectrum, amplitude, phase and group-delay measurement capability 
at resolutions of down to 10 Hz, 0.1 dB/div., 0.2 deg/div., and 
0.1 ns/div. respectively. 

(2) Wide dynamic range of 90 dB at -40 dBm input level (above 20 MHz). 

(3) CRT screen with a large display dynamic range of more than 95 dB 
permitting direct observation of large attenuation responses. 

(4) Simultaneous four trace display allowing waveform comparison. 

(5) Multiple marker. 

(6) Automatic correction of bandwidth switching error, step amplifier 
switching error, and frequency response error. 

(7) Scaling the horizontal graticule divisions in logarithmic scale. 

(8) Output to an X-Y plotter supported without the need for the 
external GP-IB controller. 

(9) Remote operation of all front panel functions via the external 
GP-IB interface facility (standard supply). 
Reading capability for measurement data and labels on the screen 


and writing capability for characters and data on the screen. 
1-3. ACCESSORIES SUPPLIED 
The standard accessories supplied with the instrument are listed below. 


Check the quantity and specifications of the accessories against this 


listing: 
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1-4. 


(1) Fuse MDX-1A 2 
(2) Fuse MDA-1.25A 2 
(3) Fuse EAWK 0.2A 2 
(4) Fuse EAWK 0.1A 4 
(5) Fuse MF51NR1 (250) 4 
(6) Fuse MF5S1NR2 (125) 8 
(7) Fuse MF51NR-2.5 2 
(8) Fuse MF51NR-5 2 
(9) Allen wrench 3 mm 1 
(10) Input cable MI-02 (UG-88/U plug, BNC-BNC) 2 
(11) Input cable MI-04 (UG-21D/U plug, N/N) 2 
(12) Input cable MC-61 (UG-88/U plug, BNC-BNC) 1 
(13) N to BNC plug adaptor JUG-201A/U 2 
(14) BUS cable i 
(15) RF interconnecting cable 1 
(16) IF interconnecting cable 2 
(17) Power cable 2 
(18) Instruction Manual it 

SPECIFICATIONS 


FREQUENCY SPECIFICATIONS 


Frequency range 


Frequency span 


50 Hz to 1800 MHz 

DC coupled: 50 Hz to 1800 MHz 

AC coupled: 10 kHz to 1800 MHz 

100 Hz to 1800 MHz on 10 divisions of the CRT 
horizontal axis graticule. 

Enterable with the DATA knob or DATA number/unit 
keyboard in two significant figures. 

Controllable with the DATA step keys inal, 2, or 5 
steps. 

At zero frequency span mode, the analyzer functions 


as a fixed tuned receiver. 


Frequency span accuracy: Better than +34 for span > 500 kHz. 


Better than +54 for span < 500 kHz. 
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Center frequency : 0 Hz to 1800 MHz variable with the DATA knob, DATA 
step keys, or DATA keyboard. 
The center frequency can also be set with the MKR~> 
CF or SIGNAL TRACK key. 
Center frequency step size can be controlled with 
the CF STEP SIZE or MKR/A + STEP SIZE key. 

Center frequency accuracy: +(1% of frequency span + 20 Hz) 


Marker 


NORMAL : Provides direct frequency readout of the marker 
point. 
Accuracy: Center frequency accuracy plus frequency 
Span accuracy between the marker and 
center frequencies. 
T.G. CNTR : Provides direct readout of the marker frequency. 
Accuracy: Equal to the center frequency accuracy. 


FREQ. CNIR : Provides direct readout of signal frequency the 
. level of which is more than +15 dB higher than the 
noise level. 
Accuracy: (Master oscillator accuracy) x (frequency 
readout) + (2 counts) for signal 
frequencies from 400 kHz to 1500 MHz. 


Reference Oscillator Stability: 


; = =o ru 
Aging Rate Dee lOm.dayaee xelO.-,day |. x 10 /day 


Temp Stability =o =e =9 
(0°c to 40°C) 5 x 10 1exaL0 sie 18) 


SIGNAL TRACK : Maintains a drifting signal and the marker at the 


center of the display. 

A (delta) : Provides direct readout of a frequency difference 
between two markers. 

ZOOM : With use of the DATA step key, » reduces the 


frequency span while centering the marker. 
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Resolution 
Resolution bandwidth (3 dB bandwidth): 10 Hz to 1 MHz in a 1-3 
sequence. 
Bandwidth accuracy: +20% 
60/3 dB resolution bandwidth ratio: 
10:7 in 1 MHz, 300 kHz 
Poin (00 KHz to. 10 He 
Stability 
Residual FM component: 2 Hz p-p/1 sec or less; frequency span 50 kHz 
Frequency stability: 30 Hz p-p/min.; frequency span 50 kHz (at a 
constant temperature after 1! hour of warm-up) 
Noise sideband : -75 dB or less at 20 kHz apart from the carrier, 
with resolution bandwidth of 1 kHz and video 
filter bandwidth of 1 Hz. 
-80 dB or less at 30 kHz apart from the carrier, 
with resolution bandwidth of 1 kHz and video 


filter bandwidth of 1 Hz. 


AMPLITUDE SPECIFICATIONS 
Measurement range -3-130 dBm to +20 dBm 
Display range : Logarithmic scale (with respect to the reference 
level): 95 dB at 10 dB/div. 
50 2dB vat 5 dB/div. 
2OsdBaata2 cb/ div. 
10 dB at 1 dB/div. 
Deo dBeateU nt sdb clv. 
Linear scale (calibrated in voltage): 
10%/div. of the reference level at LIN x ] 
54/div. of the reference level at LIN x 2 
2%Z/div. of the reference level at LIN x 5 


1%/div. of the reference level at LIN x 10 


Linearity 
Logarithmic : +0.2 dB/1 dB over O dB to 95 dB 
Max. +1 dB over 0 dB to 95 dB (20°C to 30°C) 
Max. +1.5 dB over 0 dB to 95 dB (0°C to 40°C) 
Linear : +3% of the reference level 
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Reference level 


Reference level readout: 


Logarithmic: 
+50.0 dBm to -90.0 dBm (readout in units 
dBuV) 

Linear: 70.7 V to 7.07 nV 


Reference level readout accuracy: Max. +1 dB after calibration and 


error correction 


Calibration output accuracy: -20 dBm +0.3 dB (Guaranteed at the CAL. 


Frequency response: 


Marker 


NORMAL 


PEAK SEARCH 


MKR — REF 


A (delta) 


OUT. connector) 
(50 MHz) + (50 MHz x reference oscillator accuracy) 
Within +0.7 dB over 400 KHz to 1500 MHz (after 


error correction) 


: Provides readout of the amplitude at an active 


marker. 


: Positions the marker to the peak of the largest 


Signal. 
Brings the reference level equal to the marker 


level. 


: Provides readout of the level difference between 


two markers. 


Multiple marker points: Up to 10 points 


DISPLAY LINE 
Dynamic range 


Spurious response : 


Average noise level: 


Residual response : 
Gain compression 
SWEEP SPECIFICATIONS 


Sweep time 


Trigger mode 


: A horizontal display line traces amplitude readout. 


-80 dB or less at -30 dBm input with center 
frequency = 20 MHz 

-60 dB or less at -30 dBm input with center 
frequency < 20 MHz 

-130 dBm or less at a resolution bandwidth of 

10 Hz, video filter bandwidth of 1 Hz, and center 
frequency of 1 MHz or above 

-100 dBm or less 

1 dB or less at O dBm input 


50 ms to 1000 sec 
100 ws to 1000 sec at zero frequency span mode 


INTernal, LINE, EXTernal, VIDEO, and SINGLE 
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INPUT SPECIFICATIONS 


RF input 


Maximum input level: 


Input attenuator 


N type connector, 50 

+20 dBm (Input Grr enna ror 20 dB or more) 
DC coupled: max. 0 VDC 

AC coupled: max. +25 VDC 

O to 50 dB attenuation at 10 dB step 


DISPLAY SECTION SPECIFICATIONS 


Display 


Trace 


WRITE mode 


MAX HOLD mode 


VIEW mode 


BLANK mode 


Trace Arithmetic 
A-B ~ A 


Ba beeen 


CRT Display 


Screen size 


Graticule, waveform, measurement data, and label 

4 trace memories for traces A, B, A', and B' 

When trace memories A and B are used, the number of 
data points on the horizontal graticule is approx. 
1000, and vertical resolution is 0.1%. 

When trace memories A' and B' are used, the number 
of data sampling points on the horizontal graticule 
is approx. 500. ; 

Contents of the memories are displayed at a rate 
independent of the analyzer sweep rate. 

Analyzer's response is stored and displayed for 
each sweep. 

Stores and displays the maximum signal level at 
each horizontal point. 

No updating of the trace memory is made, and the 
stored memory data is displayed. 

No updating of the trace memory is made, and the 
trace data are not displayed on the CRT but are 


stored in the memory. 


Trace B amplitude is subtracted from trace A and 

the result is written into trace A from sweep to 

sweep. 

Exchanges traces A and B, changing their relative 
intensities and storage memory locations. Traces 
A' and B' are also exchanged. 

Display line level is subtracted from trace B and 


the result is written into trace B. 


100 mm x 124 mm (P31 phosphor) 
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TRACKING GENERATOR 


Frequency range : 400 kHz to 1800 MHz 

Output level : O dBm to -50 dBm at 10 dB step 

Output level accuracy: Within +l dB at center frequency of 50 MHz 
Spur ious : Less than 20 dB 

Output ee anee tor : N female 


Output impedance : 50 8, VSWR 1.5 or less (with ATT set at 10 dB or 
mor e ) 
Frequency response: Within +1 dB 


peacking crirt : Less than 30 Hz/min, Less than 300 Hz/10 min 


PHASE MEASUREMENT 


Frequency range : 400 kHz to 1800 MHz 

Range peGCees0n 20°98 8, 4-, 27, 0.8, 0.4, and 0.2- 
per division 

Offset : Up to +250° 

Measurement range : +180° 

Resolution sal 0 cor, more, of /div. 

Accuracy : Better than +3% +0.25° (after calibration) 

Residual phase : Less than 100° p-p (with span set at 500 MHz or 


less, and input ATT. set at 10dB or more) 


GROUP DELAY MEASUREMENT 


Frequency range : 400 kHz to 1800 MHz, O ms to 100 ms 
uh 1 i 
Range Me) ia frequency span oo 200" freq. span SI NI 


Measurement range : 160 ms/div. to 100 ps/div. 
he ae 
‘a50 = frequency span 
Maximum resolution: 0.1 ns 


Resolution 


: : peek 10° 
Piectrical sengtouncorrectton range: 8 x ——————— meters or more 
freq. span 


Measurement accuracy: phase measurement accuracy + span accuracy 


GENERAL SPECIFICATIONS 

Operating temperature: 0°c to +40°C RH Less than 85% 

Storage temperature : -20°C to +60°C 

Power requirements: 100, 120, 220 V (+104), 240 V (+44, -10%): 50/60 Hz 
approx. 300 VA 
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Probe power supply: +15 V, 4-pin connector 
Dimensions : Approx. 424(W) x 311(H) x 550(D) m 
Weight : Less than 50 kg 


OPTIONS AND OPTIONAL ACCESSORIES 


Tbe following options and accessories are available for the TR4172 
Spectrum Analyzer. Factory options should be ordered when ordering the 


analyzer. 


Options 
* X-Y recorder output (option 03: factory option) 
X output: Q V to approx. +5 V 
Yeoutpucs, Ol Ve COmaDDrOX «+O, 
Z output: QO V to approx. +5 V 
. Preamplifier (option 02: factory option) 
Frequency range: 10 MHz to 1000 MHz 
Gain: 25 dB or more 
Flatness: Better than +3 dB 
- QP (quasi peak) detection mode (option 01: factory option) 
Display dynamic range: 70 dB 
(1) Frequency range: 10 kHz to 150 kHz 
Charging time constant: 45 ms +20% 
Discharging time constant: 500 ms +20% 
Display time constant: 160 ms +20% 
Selectivity: 200 Hz +20 Hz (at Bandwidth of 6 dB) 
(2) Frequency range 150 kHz to 300 MHz 
Charging time constant: 1 ms +204 
Discharging time constant: 160 ms +20% 
Display time constant: 160 ms +20% 
Selectivity: 9 kHz +l kHz (at Bandwidth of 6 dB) 
(3) Frequency range 25 MHz to 1000 MHz 
Charging time constant: 1 ms +204 
Discharging time constant: 550 ms +204 
Display time constant: 100 ms +204 
Selectivity: 120 kHz +20 kHz (at Bandwidth of 6 dB) 
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* Impedance measurement option (Option 05: factory option) 
The impedance measurement option is designed for use with the 


impedance measurement standard accessory. 


Specifications of Mainframe Options 

Functions: 

Smith chart display: Standard Smith chart 
Mangified (x10) Smith chart 
Polar coordinate display 

Marker display: Provides direct readouts for VSWR, reflection 
coefficient, phase, normalized impedance, and 
equivalent inductance or capacitance. 

Display circle: Displays an arbitrary circle representing a VSWR 
or reflection coefficient on the Smith chart, 

Open/short auto correction: When an open or shorting plug is 
attached, amplitude or phase can be calibrated 
to impedance and the 0 points on a Smith chart, 
(recommended when the frequency span setting is 


500 MHz or below). 


Specifications 

Smith chart scale: 

Standard Smith chart: Real part: 0, 0.2, 0.5, 1, and 2 

Imaginary part: 0, +0.2, +0.5, +l, +2 

Magnified Smith chart: Real part: 0.9, 1.0, 1.1, and 1.2 
Imaginary part: -0.1, 0, and 0.1 

Polar coordinate scale: 

Amplitude: 20% divisions of the fullscale 


Phase: 30° division 


Display resolution: 


Amplitude: 1/500 of the distance between the center of the 
Smith chart and its fullscale 
Phase: i 


Frequency division: 1/500 of the selected frequency span (variable 


to 1/16) 
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Marker point resolution: 


Amplitude: 1/500 of the distance between the center of the 
Smith chart and its fullscale 
Phase: ; is 


Frequency division: 1/500 of the selected frequency span 


Marker readout resolution: 


VSWR: 3 digits 
Reflection coefficient: 3 digits 
Phases i 


Normalized impedance: 3 digits 


Equivalent inductance: 3 digits 


Polar coordinate display resolution: 1/500 of the distance between 
the center and fullscale. 

Polar coordinate display accuracy: True value is within a circle with 
a radius of 1 mm and its center placed at the 
displayed value. 

Display circle resolution: 1/500 of the distance between the center 
and fullscale. 

Amplitude information acquisition: From mainframe basic mode (LIN x 1) 

Phase information acquisition: From mainframe basic mode 40°/div. 

Amplitude setup on the Smith chart fullscale: 0.1 dB steps 

Open/short auto correction range: 

Amplitude correction range: Between fullscale and 70% of fullscale 


; fe) 
Phase correction range: +180 


Note: Option 05 cannot be installed on the TR4172 with the X-Y 


Recorder Output option (Option 03). 
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- Occupied bandwidth display (option 04: factory option) 


Trace data is divided into 1001 points to calculate power at each 


point. Two markers appear at the positions where 0.5% to the total 


power is determined from leftmost and from rightmost points 


respectively, and then frequency between two markers is displayed 


at the active function area on the left side of CRT. 


- Adjacent channel leakage power arithmetic operation software 


(option 06: factory option) 


Trace data is divided into 1001 points to calculate power at each 


point. The power equivalent to the width specified by the delta 


marker is calculated, and the ratio of the calculation result to 


the total power is displayed. In addition, the power equivalent to 


the width specified by the delta marker is integrated, and 


integration trace is also displayed. 


. X-Y plotter interface (option 07: factory option) 


Trace data, graticule line, and character are plotted by the 


following three-plotters in papers of size 210 mm x 295 m. 


[Applicable plotters] 


Model 9872A/7470A/7225A (Manufactured by Hewlett Packard) 


Accessories 


* Photographing system 


(1) 
(2) 


Camera (M75D) + close-up device (5R-32) + attachment (K-71R) 
Camera with hood (MO85D) + attachment (#85-27) 


*Standard impedance measurement accessories 


(1) 
(2) 
(3) 
(4) 


Directional bridge (60NF50) 

Standard cable (DGMO10-00150EE): 2 
Open/shorting plugs for calibration (22N) 
Standard 50-ohm terminator (26N50) 
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SECTION 2 
PREPARATION AND GENERAL PRECAUTIONS 


INTRODUCTION 


This section describes the general handling procedure for the TR4172 
Spectrum Analyzer-preparation, general precautions and storage method. 
To ensure proper operation of the analyzer read the following 


instructions carefully. 
UNPACKING 


After unpacking, carefully inspect the instrument for any transit 
damage, paying special attention to the panel switches, CRT display, and 
terminals. 

If the instrument is damaged or fails to operate properly, immediately 


notify your nearest Takeda Riken representative. 
REPACKING FOR SHIPMENT 


Should it become necessary to repack the instrument for shipment, use 


the original packing material or equivalent. 
OPERATING ENVIRONMENT 


(1) The instrument should be placed in a position where it will not be 
exposed to direct sunlight, corrosive gas, or excessive dust. The 
operating ambience should be O°c to +40°C in temperature, and not 
more than 85% in relative humidity. 

(2) Ventilation 
The instrument uses two exhaust cooling fans. Be sure to allow a 
space of more than 10 cm behind the instrument for adequate 
ventilation. Do not place the instrument on its side or back. 

(3) Although the analyzer is protected from line noise interference, 
the local line noise environment should be considered. If 
excessive noise is expected, use a line noise filter in the primary 


circuit. 
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(4) The operation site should be free of excessive vibration. 

(5) The storage temperature range is from -~20°C to +60°C. 
If the instrument is to be left unused for a long period of time, 
COvermic wi cieasviny lec loth Or put it in 4 carton for storage in a 


dry place where it will not be exposed to direct sunlight. 
CLEANING CRT DISPLAY 


Clean the surface of the CRT screen and filter at regular intervals with 
a soft cloth dampened with alcohol. 

Never use any chemical solvent other than alcohol for cleaning. 

Remove the filter in the following procedure. (Refer to Figure 2 - 1.) 
C1) Remove the belt cover with a screwdiver. 

@) Remove two screws from the CRT upper panel. 


©) Remove two screws from the CRT bezel adapter. 


G@) Belt cover 
CRT upper 


CRT filter 


@ CRT bezel adapter 


Fig. 2-1 Removal of CRT filter 
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2-6. PREPARATION 


2-6-1. Connecting Display Section and RF Section 


The analyzer consists of a display section and an RF section. Follow 

the procedure given below to assemble the two sections: 

(1) Mount the display section (with CRT) directly on the RF section. 

(2) Pull the display section forward until the joints engage with 
each other. 

(3) Push back the display section until the front surfaces of the 
two sections are aligned. Using a coin edge, fasten the two 
joint screws at the rear corners of the instrument. 

9 (4) Make electrical connections between the two sections with the 


three supplied interconnecting cables. 


Pi Power Cable 


Connecting Screw 


J1 Power Cable J2 


Fig. 2-2 Power and signal connections on the rear panels 
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(5) Three signal connectors Jl, J2, and J3 are provided on the rear 
panels of each section. Connect them with their own 
interconnecting cables (Jl to Jl and so forth). 

(6) Use the stopper and the connecting screw, when connecting Jl and 


J2 connectors, respectively. 
C02. Power Connection and Fuse 


After establishing the signal connections between the two sections, 

make power connections to each section with the supplied power cables: 

(1) Make sure that the POWER push switch on the RF section is in the 
STANDBY (out) position. 

(2) An AC LINE connector is provided on the rear panel of each 
section. Plug the female side of the supplied power cables into 
each of these AC LINE connectors. (See Figure 2-2.) 

(3) The male power plug at the other end of the power cable has 
three conductors, the center round conductor being the ground. 
(See Figure 2-3.) 
When the available AC outlet has no ground receptacle, use the 
supplied plug adapter for power connection. In this case, make 
sure to connect the ground lead of this adapter or the rear GND 


terminal of the instrument to the earth ground. 


To AC outlet adapter 


Ground pin 


Three pin plug 
power cabie 


Ground this wire 


Fig. 2-3 Power cable and plug adapter 


(4) When the instrument is plugged into an electrical outlet, the 
STANDBY indicator lamp on the front of the RF section will come 


on to indicate that the thermostatic oven for the internal 


master crystal oscillator is energized. 


, 
1219g0te ofS eG 
wes sames o1, 


a a 6. | 187 56 


_ “eo"gd 625 


mars vie eer 
a 
i} 
a ’ 
-* a - 
as 
“ 
“i ty 
ye ) 
rs 
D 
a 
> 


rote TWene SA. pedi (tay 7 ° 
> 


=e 
as 1 | oJ eolenay, - 7 
. 
= : 


a 


Sse 


cctat? edd sada egaghdab-es . 


= = nore = 
“st-_uo03 a] 29901] s080; Laseeso : am 
a - » —D — stake 


_ 


f 


(5) 


CAUTION 
The instrument is partially energized even if the POWER 
Switch is in the STANDBY position, as far as at least one 


of the power cables is connected to an electrical outlet. 


To completely turn off the instrument, be sure to disconnect 


both power cables from their electrical outlets. 


When replacing the fuse, unplug the power cable from the rear AC 
LINE connector of the pertinent section. Then, side the clear 
plastic cover of the fuse box to the left stop. Pull the FUSE 
PULL lever forward to remove the fuse from the fuse box. The 
replacement fuse must follow the ratings of (Table 3-1). 

Line voltage setting can be changed by a voltage setting card 
inserted just below the fuse holder. When you have removed the 
fuse, you will see the voltage setting card just below the FUSE 


lever. 


Fig. 2-4 Fuse replacement 


Pull out the card and you will see voltage labels of 100 V, 

120 V, 220 V, and 240 V on both sides of the card. Insert the 
card again into the card slot so that the voltage label 
corresponding to your local line voltage is on the top left 
side. You can see only the selected voltage label when the card 


is inserted in position. 
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The rating of the fuse to be used depends on the local line 
voltage. Check the fuse rating against the following table and 


replace it if needed: 


Table 3-1 Fuse ratings versus line voltages 


|---| Display section (upper) | section Display section (upper) | RF section | RF section (lower) 


AC100 V 

AC120 V 2.5 A slow blow 2.0 A slow blow 
AG i220V. ; <a is | 
AC240 V Lee A slow Ow . A slow blow. 
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2-7. USE OF PHOTOGRAPHIC EQUIPMENT 


Assemble the close-up photographic equipment as illustrated in Figure 
ed aie Photographic conditions differ depending on the setting of the 
INTENSITY control of the TR4172. 


le 
le 
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Fig. 2-5 Use of photographic equipment 


Note: When the CRT display or the filter is not clear, clean photographs 
are not available. In this case, clean the screen and the filter 
referring to the subsection 2-5. 

The film tends to get stuck if the roller inside the back plate 


becomes grimy. Take the roller out occasionally and clean it down. 
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Hood #85-27 


Fig. 2-6 Polaroid camera M-085D and Hood #85-27 
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SECTION 3 
PANEL DESCRIPTION 


INTRODUCTION 


This section first describes basic operating procedures for the TR4172 
Spectrum Analyzer and then presents the functions and setting ranges of 
each switch and control. Each function will be discussed in detail in 
Section 4. 

Operating details for the tracking generator, phase measurement, and 
group delay measurement are described in Section 5, 6, and 7 


respectively. 
OPERATING PROCEDURE 


The analyzer's CRT display presents direct readout of the center 
frequency, reference level (level at the top graticule of the CRT), and 
so forth, as well as signal response trace and graticule display. The 
operation of the analyzer consists basically of setting various 
measurement functions with the front panel controls and key switches and 
observing the resulting signal response trace and data readouts on the 
CRT for analysis. 

When the analyzer is initially switched on (POWER switch set to ON) or 
the MASTER RESET switch is pressed during operation, the measurement 


functions on the CRT display are initialized into the following state: 


MOLTOUGUITR] = 


| REF -10.0 cBe ATT 10 oB- 


Fig. 3-1 Initial function setting upon power on or reset 


To change function settings, first press the pertinent function key and 


then adjust the Data knob until the desired setting is obtained. The 


Data step evischos| CF] Op o= Data number/units keyboard (Data 
eietelus 


keyboard ) 2858 may be used instead of the Data knob. 
A5 
For example, to-meve the object signal to the center of the display, 


first press ae activate the center frequency. The activated 


function is displayed to the left of the screen with enlarged readout. 
Since the center frequency readout is always provided at the bottom 
right corner of the display, there are now two identical center 
frequency readouts on the screen. The center frequency remains active 


until another function key is operated. 


CENT. 
FREQ. 


Use the Data knob to position the signal to the center of the display. 
For quicker control, first use the Data step keys to bring the signal to 
the near center, then make fine tuning with the Data knob. This 
practice may also be used for quick positioning of the marker (to be 
described later). The center frequency of the signal can now be read 


out. 
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For better frequency resolution narrow the frequency span (frequency 
span from the left to right end of the display) with the FREQ. SPAN key 
and DATA control. 
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For higher signal resolution, the analyzer's IF bandwidth can be 
narrowed using the RES. BW. key and Data step key (down). Since the 


sweep time is normally set to AUTO, narrowed bandwidth causes lower 


sweep rate. 
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or 


The signal frequency and level can be read out by using a marker (bright 
spot) without bringing the signal to the center of the display. 

The MARKER key activates a single marker. The marker will move on the 
trace with the rotation of the Data knob. Tune the marker with the Data 
knob to position it to the signal peak. The signal's amplitude and 
frequency is read out directly. While the marker is on the display the 
amplitude and frequency at the marker are always read at the top right 


corner of the display. 
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The simplified operating procedures hitherto described are intended to 
help you understand the following basic operating routine for the 
analyzer: 

(1) Press the desired function key. 

(2) The activated function data is read out in enlarged characters. 
(3) Change the function setting or move the marker with the DATA 


controls. 


O=3. 
a=3=1. 


PANEL DESCRIPTION 


Front Panel Description (See Figure 3-2.:) 
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POWER .push switch 

STANDBY/ON indicator lamps 

The STANDBY lamp comes: on when the instrument is plugged into an 
electrical outlet with the POWER switch set at the STANDBY (out) 
position. The ON lamp comes on when the POWER switch is pressed 
into the ON position. 

MASTER RESET key 

Resets the entire’circuits of the analyzer into the condition 
shown on page 4-2. 

LCL (Local) key 

Returns the analyzer from remote operation mode (by an external 
GP-IB controller) into local operation mode (by front panel keys 
of the instrument). 

RMT (Remote) indicator lamp 

Goes on when the analyzer is in remote operation mode. 

T.G. (Tracking Generator) key 

Activates the output of the integrated tracking generator. 

T.G. LEVEL key 


Controls attenuation level for the tracking generator between 


‘0 dB and 50 dB at 10 dB steps. 


TRACKING GENERATOR OUTPUT (50 2) connector 

The output frequency range is from 400 kHz to 1800 MHz with an 

output impedance of 50 2. 

TeGeyEREQs) ADJ. -concrol 

Corrects tracking error. 

GROUP DELAY key 

Activates group delay measurement. 

PHASE key 

Activates phase measurement. 

NORMAL key 

Returns the instrument to the normal spectrum analyzer mode. 

INPUT-2 key 

Selects INPUT-2: 10 MHz to 1000 MHz, max. -30 dBm, +20 Vdc. 
Operatable only when the optional preamplifier 
ie built an. 


3 - 6 


(14) INPUT-2 connector 
INPUT connector for the optional preamplifier. 
(15) INPUT-1 DC key 
Selects DC coupled INPUT-1]: 50 Hz to 1800 MHz, max. +20 dBm, 
0 Vdc 
(16) INPUT-1] AC key 
Selects AC coupled INPUT-1: 10 kHz to 1800 MHz, max. +20 dBm, 
+25.Vde 
(17) CAL. screwdriver control 
Used to adjust the calibration signal level (at INPUT-1) to 
-20 dBm. 
(18) INPUT-1] connector 
(19) INPUT ATT. key 
Controls input attenuation level from 0 dB to 50 dB at 10 dB 
steps. 
(20) AUTO key 
Automatically sets input attenuation level from 10 dB to 50 dB 
at 10 dB steps. 
(21) PROBE POWER connector 


Four-pin connector to supply a power of +15 V to an active probe. 


(22) CAL. OUT. connector 
Outputs a calibration signal of 50 MHz, -20 dBm +0.3 dB. 
(23) DATA knob 
Continuously controls measurement function or marker position. 
(24), (25) DATA step keys 
Steps measurement function or marker position up or down. 
(26) HOLD key 
Inhibits function setting updating or entry from the DATA knob, 
DATA step keys, or data keyboard. Operation of any one of the 
FUNCTION keys clears the HOLD state. 
(27) ENABLE indicator lamp 
Goes on when data updating or entry is enabled. Goes off when 
the HOLD key is pressed. 
(28) SWEEP TIME key 


Sets sweep time between 20 ms and 1000 sec. 
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AUTO (SWEEP TIME) switch 

Automatically sets sweep time according to frequency span or 
RES. BW setting, etc. 

RES. BW (Resolution Bandwidth) key 

Sets IF bandwidth between 10 Hz and 1 MHz at 1 to 3 sequence. 
AUTO (RES. BW) key 

Automatically sets IF bandwidth according to frequency span. 
VIDEO BW key 

Sets video filter's pass bandwidth between 1 Hz to 1 MHz at 1-3 
sequence. 

AUTO (VIDEO BW) key 

Automatically sets video bandwidth according to frequency span. 
CF STEP SIZE (Center Frequency Step Size) key 

Determines center frequency stepping span by the DATA step keys. 
AUTO (CF STEP SIZE) key 

Automatically sets the CF STEP SIZE to 1/10 of the frequency 
span. 

CENT. FREQ. (Center Frequency) key 

Sets center frequency between 0 Hz and 1800 MHz. 

FREQ. SPAN (Frequency Span) key 

Sets frequency span between 100 Hz and 2000 NHz. 

REF. LEVEL (Reference Level) key 

Sets the reference level between -90 dBm and +50 dBm. 

DATA number/units keyboard 

Used to enter measurement data or marker frequency directly with 
Mumerical data and units. 

BACK SPACE key 

Backspaces data entry steps to permit correction of entry error. 
MHz dB sec/PHASE OFFSET key 

One of the three unit keys. Data entry is completed by pressing 
a unit key after numerical data is keyed-in from the DATA 
keyboard. When phase measurement is active, pressing this key 
enables phase offset data entry. 

kHz +dBm msec/G.D. OFFSET key 

One of the three unit keys. When the group delay function is 
active, pressing this key enables group delay offset data 


entry: Positive reference level data can be input with this key 
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after the reference level data is keyed-in from the DATA 
keyboard. 

Hz -dBm sec key 

One of the three unit keys. To enter negative reference level 
data, first key-in the positive level data from the DATA 


keyboard, then press this key. 


INTENSITY control 
Controls intensity of all CRT writing. 
FOCUS 


A screwdriver adjustment which focuses all CRT writing. 
TRACE ALIGN 
A screwdriver adjustment which tilts all displayed CRT 
information. 
SWEEP IND. (Sweep Indicator) lamp 
Goes on during sweep. 
INT. (Internal) key 
Automatically repeats internally-triggered sweep. 
LINE key 
Triggers sweep start synchronously with the line frequency. 
EXT. (External) key 
Triggers sweep start by an external trigger signal (TTL level) 
applied to the rear EXT. TRIG connector. Trigger occurs at HIGH 
to LOW transition of the external trigger signal. 
VIDEO key 
Triggers sweep start 1f a detected IF signal reaches to a level 
get by theaTRIG. LEVELicontrol (52). 
TRIG. LEVEL (Trigger Level) control 
Controls trigger level for a detected video signal. If sweep 
fails to start when the VIDEO key is pressed, adjust this 
control for the adequate trigger level. 
SINGLE key 
Each depression of this key triggers a single sweep. 
Note: More detailed operations of the TRACE keys (54) to (63) 
will be described in paragraph 4-10. 
WRITE A key 


Updates and displays trace memory A for each sweep. 
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WRITE B key 
Updates and displays trace memory B for each sweep. 
VIEW A key 
Stops updating trace memory A and displays the latest signal 
response. 
VIEW B key 
Stops updating trace memory B and displays the latest signal 
response. 
AB key 
Exchanges the contents of trace memories A and B. 
B=-DL. > B key 
Display line level is subtracted from trace memory B contents 
and the result is written into trace memory B. 
A-B ~ A key 
Trace B is subtracted from trace A for each sweep and the result 
is written into trace memory A. 
B-B' key 
Writes trace memory B contents to trace memory B’. 
VIEW A' key 
Displays the contents of trace memory A' 
VIEW B' key 
Displays the contents of trace memory B'. 
Note: More detailed operations of th MARKER keys (64) to (73) 
will be described in paragraph 4-9. 
MARKER key 
Activates a single marker. 
MKR OFF key 
Erases all markers from the display. 
A (delta) key 
Activates two markers and provides a readout of frequency 
difference and level difference between the two markers. 
PEAK SEARCH key 
Positions the marker to the highest signal peak. 
ZOOM key 
Zooms in on a signal specified by a marker. Press the ZOOM key, 
identify the signal to be zoomed in on with the marker, then 


operate the Data step key (down) to narrow the frequency span. 
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MKR — CF key 
Substitutes the center frequency with a marker frequency to 
position the marker to the center of the display. 
SIGNAL TRACK key 
Positions a drifting signal always at the center of the display. 
MKR/A -- STEP SIZE key 
Substitutes the center frequency step size with a marker 
frequency. In the Delta (4) mode the center frequency step size 
ls given by the frequency difference between two markers. 
FREQ. CNTR key 
Directly counts input signal frequency. 
MKR ~~ REF. key 
Substitutes the reference level with a marker level to position 
the marker on the top graticule of the display. 

Note: More detailed operations of the DISPLAY LINE key (74) 

will be described in paragraph 4-12. 

DISPLAY LINE key 
Activates a display line (horizontal cursor’ line). 
LABEL key 
Permits entry of any alphanumeric characters in the top display 
area of the CRT screen. The entry procedure will be described 
in paragraph 4-127 
SHIFT key 
When pressed a first time, the analyzer enters the Shift Key 
mode and the functions indicated just above each key in yellow 
letters are made available. The Shift Key mode is cleared when 
any of the keys is pressed or the SHIFT key is pressed a second 
time. 
Each key function in the Shift Key mode will be described in 


Section 4. 
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Fig. 3-2) Front panel 
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Rear Panel Description (See Figure 3-3.) 
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(8) 
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J3 IF INPUT 

Accepts signal from RF section J3 IF OUTPUT (11) via the 
supplied cable. 

J1 BUS connector 

Connects to the RF section Jl BUS connector (10) via the 
supplied cable. 

Ground terminal 

When a two-conductor plug adapter is used for power connection, 
the ground lead of the adapter or this ground terminal should be 
connected to the earth ground. 

ADDRESS switch array 

Used to designate the device address (1 to 5) of the instrument 
for remote operation. 

GP-IB connector 

Accepts a GP-IB cable from an external controller or X-Y plotter. 
EXT. TRIG input 

Accepts an external trigger signal. When the front TRIGGER 
function is set to EXT. mode, the analyzer is triggered by the 
negative leading edge of an external TTL trigger signal. 

XYZ outputs 

Optional X, Y, and Z axis outputs. 

J2 connector 

Connects to the RF section J2 connector (15) via the supplied 
cable. 

AC LINE input 

Accepts a power cable. 

J1 BUS connector 

Connects to the display section Jl BUS connector (2) via the 
supplied cable. 

J3_IF OUTPUT 

Connects to the display section J3 IF INPUT connector (3) via 


the supplied cable. 
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(12) J4 INT. STD OUTPUT 
A 10 MHz internal master oscillator output (TTL compatible). 
This output should be adjusted to exactly 10 MHz with 
screwdriver adjustment STD ADJ. (13). (See page 4 - 89) 

(13) STD ADJ. 
A screwdriver adjustment which adjusts the output frequency of 
J4 INT. STD OUTPUT connector (12) to exactly 10 MHz. 

(14) Ground terminal 

(15) J2 connetor 
Connects to the display section J2 connector (8) with the 
supplied cable. 

(16) AC LINE connector 


Accepts a power cable. 
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Fig. 3-3 Rear panel 
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SECTION 4 
OPERATION 


INTRODUCTION 


This section describes the versatile measuring functions of the TR4172 


Spectrum Analyzer in more detail. 


POWER, MASTER RESET, AND LCL KEYS 


POWER Switch 
POWER 
on CJ 


aC 
STANDBY 


Make signal and power connections for the instrument as indicated in 
Figure 2-2. When a two-conductor plug adapter is used for the power 
connection, be sure to connect the ground lead of the adapter of the 


rear ground terminal of the instrument to the earth ground. 


Table 4-1 POWER switch setting 


Power cables unplugged Instrument completely turned off 


Power cables plugged in 


STANDBY Master crystal oscillator and back-up 
battery are turned on. 
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When the instrument is plugged into electrical outlets, the STANDBY 
indicator lamp lights to indicate that the internal master crystal 
oscillator, and back-up Ni-Cd battery are turned on. When the POWER 
push switch is pressed into the ON position, the ON indicator lamp 
lights to indicate that the instrument is completely turned on. 

To use the analyzer within its accuracy specifications, approximately 
24 hours of warm-up time is required under the STANDBY or ON state. 
The internal memory contents remain intact for approximately two 
weeks even if the instrument is unplugged from its supply outlets, 
provided the back-up battery is fully charged beforehand. The Ni-Cd 
battery will require a charging time of two to three days. 

Unless the instrument is to be left unused for a prolonged period of 
time, it is recommended that the analyzer be left in the STANDBY 
state with its power cables plugged into their supply outlets. 


MASTER RESET 


CJ 


MASTER 
RESET 


When pressed, the MASTER RESET key clears the analyzer's functions to 
the initial state. The functions affected by the MASTER RESET key 
and their initial states are listed below. 

The MASTER RESET key may be used if the analyzer is malfunctioning 
due to noise interference or other causes. 


Initial States of Functions Affected by the MASTER RESET 


CENT. FREQ. 900 MHz 
FREQ. SPAN 1800 MHz 
Reference level -10 dBm 
SWEEP TIME AUTO (50ms) 
RES. BW. AUTO (1 MHz) 
VIDEO BW AUTO (300 kHz) 
CF STEP SIZE AUTO 

INPUT ATT. AUTO (10 dB) 
INPUT MODE AC 

NORMAL ON 

PHASE OFF 

GROUP DELAY OFF 

Te. OFF 

TRIGGER INT. 
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TRACE WRITE A 


BLANK A' 

BLANK B 

BLANK B' 

Other keys OFF 
MARKER All OFF 
DISPLAY LINE OFF 
LABEL OFF 
SHIFT OFF 
INT =) 4o0D.OUL OFF 
dB/DIV. 10 dB/DIV. 


RMT 
oO 
4-2-3. LCL ra) 
Lc. 


The LCL (Local) key is operative when the analyzer is in remote 
operation mode. 

When the analyzer is remotely controlled by an external GP-IB 
controller, the RMT indicator lamp just above the LCL key lights to 
indicate that front panel control of the analyzer is prevented except 
for the MASTER RESET key operation. 

When the LCL key is pressed, the RMT lamp will go off to indicate 
that front panel control of the analyzer is enabled. If the Local 
Lockout command is sent from the GP-IB controller, however, the LCL 


key remains inoperative. 


U3 laGe,  1.G. LEVEL, AND T.G. FREQ. ADJ. 
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4-4, 


These keys are for internal tracking generator control. Press to 


activate the tracking generator; the indicator lamp just above the TG 


key lights. 
OFF 


Press (a) to deactivate the tracking generator; the indicator 


SHIFT . 
lamp goes off. 


The tracking generator is used for phase or group-delay measurements as 
well. More detailed operations of the tracking generator, including the 
eG. eLEveL and) 1.G. oFREO. ADJ. Controls, will be described in SECTION 5. 
For normal operations of the analyzer, leave the tracking generator 
inactive. This will enable measurement capability at the maximum 
sensitivity of the instrument. When the tracking generator is 
activated, the analyzer's sensitivity may be degraded due to noise 
interference from the tracking generator. 

The tracking generator is also activated when the PHASE or GROUP DELAY 
key is pressed. If the normal measurement mode (for spectrum analysis) 
is restored with the NORMAL key, the tracking generator will remain 


active. To deactivate the tracking generator press SHIFT, T.G.. 


GROUP DELAY, PHASE, AND NORMAL KEYS 


tS) eee 


These keys select analyzer's mutually 


exclusive measurement modes. When one of . , and 


pressed the corresponding measurement mode is selected and the indicator 
lamp for the selected mode lights. 

For details of phase measurement and group delay measurement see 
Section 6 and 7 respectively. 

The analyzer should normally be placed in the Normal mode by pressing 


the NORMAL key. 
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Once the GROUP DELAY or PHASE measurement mode is entered by pressing 
the respective key, the internal tracking generator is activated and 
remains activated even after the analyzer is returned to the NORMAL 
measurement mode. When the tracking generator is unused, press SHIFT, 


T7Ge tOLdeactivace 1t; 


4-5. INPUT 


These keys are input controls and settings of RF attenuator. 
ol. INPUT=2 


INPUT-2 is dedicated for the optional preamplifier. To select the 
preamplifier input press the INPUT-2 key; the indicator lamp just 
above the key will light to indicate that INPUT-2 is selected. When 
the preamplifier is not built-in, the lamp remains off even if 
pressed. The specifications for INPUT-2 are: 

Frequency range: 10 MHz to 1000 MHz 

Input impedance: 50 

Maximum input level: -30 dBm, +20 Vdc 


4-5-2. INPUT-1 (DC, AC) 


To select INPUT-1 press or ° 


When is pressed INPUT-l1 is DC coupled to the lst mixer to 


enable signal response observation over a frequency range from 50 Hz 


to 1800 MHz. 
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Never apply a DC voltage to INPUT-1 when DC mode is selected; 
otherwise the input circuit of th lst mixer will be permanently 


damaged. 
When is pressed INPUT-1 is AC coupled to the lst mixer to 


permit signal response observation over a frequency range from 10 kHz 
to 1800 MHz. The maximum allowable input level is +20 dBm or +25 Vdc. 
When the analyzer is turned on or the MASTER RESET key is pressed, 

the AC mode for INPUT-1 is automatically selected. 


4-5-3. INPUT ATT. Ee) 4 


INPUT ATT. AUTO 

The INPUT ATT. key controls the input attenuator's attenuation level 
between 0 dB and 50 dB at 10 dB steps. 

Normally, the input attenuator is controlled in the AUTO mode, in 
which the attenuation level is automatically set between 10 dB and 

50 dB according to the REF. LEVEL key setting. To protect the input 
mixer, QO dB attenuation is not selected when in the AUTO mode. 

The currently selected attenuation level is always read at the top of 


the CRT display such as ATT XXdB. 


When manual setting of the input attenuator is desired, press aa 


the key indicator lamp will come on. INPUT ATT. 
The attenuation level is now active and the current attenuation level 


"ATT XXdB" is read to the active function display area of th CRT 


display. - Set attenuation to the desired level with aaksy a] 
PP elesies| er | 


OOo 
or =sesenle}' the DATA keyboard. 


Ome 
To return the attenuator to the AUTO control mode press eg The key 
ES a 
indicator lamp on will go off and the attenuator is 


INPUT ATT. 
automatically controlled according to the REF. LEVEL setting. 
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4-6. 


CRT DISPLAY 


The CRT display presents the signal response trace, graticule, 


measurement data, and labels. 


(1) C11) (10) 


7): 
Gijm TR4172 
(2) REF 
(3) 10 dB/ 
(4) (CENTER) 
(5) RBW 
(6) VEW 
(7)  SWP 
(8) SPAN 
(9) CENTER 
(10) MKR 


CLL ATT 


Label which can be optionally written by the user 
(P. 4-47) 

Reference level (P. 4-13) 

Vertical scale per division (P. 4-14) 
Active function (P. 4-10) 

Resolution bandwidth (P. 4-16) 

Video bandwidth (P. 4-16) 

Sweep time (P. 4-15) 

Frequency span (P. 4-11) 

Center frequency (P. 4-10) 

Marker (P. 4-17) 

Input attenuator level (P. 4-6) 
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4-7. DATA 
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Any function can be selected by pressing the appropriate front panel 
function key, and changed by using any or all of the following DATA 


controls: 


DATA knob 


O 


DATA step keys 


j cy 


fs 


HEE ©] 


DATA number/units keyboard (DATA keyboard) 


° 
ee 


CEC LE 
() CECREE to) 


. 


4-7-1. DATA Knob 


Continuously turning the DATA knob clockwise increases function data 
which is currently active. In the MARKER mode clockwise rotation of 
the DATA knob moves the marker to the right. In the DISPLAY LINE 
mode it moves the display line upwards. Turning the DATA knob 


counterclockwise decreases function data. 


4-7-2. DATA Step Keys LO Lo] 


The DATA step keys change function data in predetermined steps each 
time they are pressed. In the MARKER mode each operation of the step 
keys moves a marker one division on the horizontal axis of the CRT 


display. 
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Step size can be changed by using the ee or ES key. 


Zi 
aeereh ce CF STEP SIZE 


More detailed operations of these keys will be described in the 


sections pertaining to FUNCTION and MARKER. 


4-7-3. DATA Keyboard 


DATA 
100B/DIV. 5dB/DIV.  208/DIV. (NORMALIZE) 


Cs) fy 
dB 4 
1dB/DIV. 0.1dB/DIV. ti 


(PHASE OFFSET) 
kHz 
LIN. X41 LIN, X2 UN. XS +dBm ja 
msec 
1 ed 
(3) crsren 


oC [-! 


BACK SPACE (APERTURE) 


The DATA keyboard permits direct entry of numerical data. 
Function data can be entered by pressing a unit key after operating 


data number keys. If you have missed entry of number data, press the 


fees key and then retry correct data entry. 


BACK SPACE 
4-7-4. HOLD sua 
HOLD 


Data change or entry using the DATA knob, DATA step keys or DATA 
keyboard is inhibited by pressing the ines (The oe indicator 
HOLD 


lamp just above the HOLD key goes off.) 
The HOLD state is cleared by operating a key other than the DATA 
controls or keys; the ENABLE indicator lamp goes on to indicate that 


data change or entry is enabled. 
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4-8. 


4-8-1. 


FUNCTION 


FUNCTION 
NORM. D. dBm 


RES. BW FREQ. 
AVG. ON NEG. PEAK D. SPAN > 
mam 

REF. OFFSET 
VIDEO BW AUTO 
AVG. OFF SAMPLE D. 

Ete 

eC) Le 


CF STEP SIZE AUTO 


When the analyzer is initially switched on, center frequency, frequency 
span, reference level, etc. are automatically set to the initial values 
shown on page 4-2. These values can be changed by using the FUNCTION 
keys and DATA controls. 

Sweep time, manual setting of bandwidth (normally automatically set), or 
vertical scale can also be controlled with the FUNCTION keys and DATA 
controls. To specify function data first press the appropriate function 
key. 

The activated function is shown on the left side of the CRT display. 

The data can be changed with the DATA knob, DATA step keys or DATA 
keyboard. The function remains active until another FUNCTION key or the 
MARKER key is operated. 

The functions of the individual FUNCTION keys are described below. 


CENT. FREQ. CENT 
FREQ. 


This key is used to activate center frequency, which can be set over 
a range from 0 Hz to 1800 MHz. The maximum number of digits 
(resolution) of center frequency setting depends on the selected 
frequency span. 

The DATA knob allows fine control of center frequency. The DATA step 
keys enables frequency shift in steps (normally 1/10 of the selected 
frequency span). The DATA keyboard enables direct entry of numerical 
center-frequency data. Using the DATA keyboard, the actual data 
entry occurs when one of the units keys, MHz, kHz or Hz, is pressed 


after numerical data is entered. 
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4-8-2. 


Center frequency is always shown at the bottom right corner of the 


display (except in Log Display mode). 


FREQ. SPAN ea 
SPAN 


This key.is used to activate the frequency span. 

Frequency apan across the axis can be set over a range from 100 Hz to 
2000 MHz; that across one division of the graticule is 1/10 of the 
frequency span. 

The frequency span can be changed with the DATA knob or DATA step 
keysand DATA keyboard. The DATA keyboard enables direct entry of 
numerical frequency-span data. 

The display always presents frequency span data at the bottom of the 
screen (except in Log. Display mode). When the RBW and VBW functions 
are set in AUTO mode, resolution bandwidth and video bandwidth are 


automatically set to the optimum according to the selected frequency 


span. 
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hie 


ORF - 


1 inet AY 


‘ | ae : 
at oe oi 
>, ite 


A 
ie owode evavia a? 


900 
it 


e tetan 


“rr & card at ai 
= Wars opaat 
4 avzi4ce sc? ben we Upad @iit . 


7 he (Aka S 
o 3esi7 ere Bore: 
19yt Yoesegerd 
(vesupee? edt 
-aoaEed 


{Janda 


mist i) 


iy 
; > Si wee 


| i, 


= 

_— * 
u 

Lao tal 


‘ 
a 


The signal to be measured is to the left of center of the display. 


Reduce the center frequency with oS LO] LO] to shift the 


signal to the right. 


Then tune the signal to 
the exact center of the 


display with ° 


For better frequency resolution narrow the frequency span with © 


FREQ. 
SPAN 


MF -10.0 abe ATT 10 BC oe os eS 
es FELL Poe oe 


SPAN 


If the signal deviates from the center of the CRT when the frequency 
span is narrowed, reposition the signal to the center with the CENT. 


FREQ. key and DATA knob. 
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Zero Frequency Span: 
ZERO SPAN 


When are pressed, the horizontal display axis becomes 
SHIFT 


calibrated in time and the spectrum analyzer is fixed tuned to the 
center frequency. As a result, the analyzer operates as a receiver 


fixed tuned to the center frequency. 
ZERO SPAN 


Press again to restore the normal spectrum analyzer 
~ SHIFT 


function with the horizontal display axis calibrated for frequency. 


a-6-3. REF. LEVEL PEF 
. LEVEL 


This key is used to activate the reference level at the top graticule 
of the CRT display. The reference level can be specified over a 
range from -90 dBm to +50 dBm in 0.1 dB steps. The DATA step keys 
control the reference level in 10 dB steps, while the DATA knob can 
control it in 0.1 dB steps. 


The DATA keyboard enables direct entry of reference level values. For 


; kHz : 
entry of a positive value press] +m], and for entry of a negative 
¥ msec 


Hz . ° e 
value press after keying in the numerical data. 
usec 


The specifiable range of the reference level may be reduced to 


smaller than -90 dBm to +50 dBm depending on the input attenuator 


setting: Reference level can be specified in dB with FREQ. | , 
. aero PRie 


dBm 
Pressing ea) cent, | returns the reference level readout to dBm. 
SHIFT FREQ, 
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Vertical Scale Control 


The scaling of the vertical graticule divisions of the CRT display is 
normally set in 10 dB/div. 

Look at the top left corner of the display in the following figure. 
"REF -20.7 dBm" shows that the reference level is presently read in 
dBm, and "10 dB/" indicates that the scaling of the vertical 

graticule division is 10 dB/div. A unit of dBu is also selectable 
(see paragraph 4-8-3). Scaling can also be selected from 5, 2, 1, and 


0.1 dB per division, and linear scaling. 
50B/ DIV. 


For 5 dB/div. press [ae eieu) 


SHIFT 2dB/ DIV. 
For 2 dB/div. press es : 
SHIFT 10B/ Div. 
For | dB/div. press [Ea] ; 
SHIFT 0.1dB /DIV. 
For 0.1 dB/div. press (zz as) 2 
ses) esd 


For 0.5 dB/div. press fasut] . 
SHIFT 
For 0.2 dB/div. press ees : 


SHIFT 
In the 0.] GB/div., 0.2 dB/div., 0.5 dB/div., the effective range of 
the vertical scale is down to 8 divisions below the reference level, 


with display linearity not guaranteed in the bottom two divisions. 


5dB/DIV. 


SHIFT 


CENTER 50.00 Ite 


Pe 
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2d3/ DIV. 


SHIFT 


"= CENTER 50.00 Mite 


The scale can be set up for linear units to read amplitudes 


proportional to input signal power. 
LIN. X14 


Ig Ea [+ Jere pressed linear scale xl is selected, with the top 


SHIFT se 
and bottom graticules assigned to the reference and 0 V levels, 


respectively. 

The scale can be changed in allowable increments of x2, x5, and xl0 
_ LIN, X2 UN. XS; LIN. X10 
SHIFT - "SHIFT SHIFT 


this case the reference level does not change. 


a=B—-5.. SWEEP TIME 
SWEEP TIME auto 

This key is used to activate sweep time within a range from 20 ms to 
1000 sec. When the analyzer is initially switched on, sweep time 
control is set in AUTO mode, in which it is automatically set 
according to frequency span, resolution bandwidth or video bandwidth 
to minimize level error. 

clears the AUTO mode to permit manual setting of sweep time 


SWEEP TIME 
(indicator on the key goes on) with the DATA knob, DATA step keys, or 


DATA keyboard. 


[_] again selects the AUTO mode for sweep time control; the indicator 


AUTO 
on the aa key goes off. 
SWEEP TIME 
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4-8-6. 


4-8-7. 


If sweep time is set too long in the AUTO mode, it can be temporarily 


reduced with (=ana)] UU} | for quick observation of signal 
SWEEP TIME 


response. In this case, if the error of level reading exceeds 

BGS bate Wage message "UNCAL" will be shown. 

Once the outline of the signal response is checked, restore the AUTO 
mode so the UNCAL message is cleared. 


In Zero Frequency Span mode, sweep time can be set between 100 fs and 
1000 sec. 


RES. BW 


RES. BW AUTO 


This key is used to activate resolution bandwitth (IF bandwidth). 
AUTO automatically sets resolution bandwidth according to the 
selected frequency span. 


permits manual setting of resolution bandwidth with DATA 
RES. BW 
controls. A signal response can be separated from its adjacent noise 


response or two or more signal responses can be separated from 


each other, by narrowing the resolution bandwidth. The DATA key 
( ) may be conveniently used to narrow the resolution bandwidth. 


When sweep time control is in AUTO mode, sweep time is increased as 


resolution bandwidth is narrowed. 


hen ES) 


VIDEO BW AUTO 
This key is used to activate video bandwidth within 1 Hz to 1 MHz in 
l or 3 sequence. 

AUTO automatically sets video bandwidth to the optimum according to 
the selected frequency span. 

Signal responses near the noise level of the analyser will be 
visually masked by the noise. The video filter can be narrowed to 
smooth this noise, although a longer sweep time will be required when 


the video bandwidth is narrowed. 
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4-8-8. 


4-9. 


With the video averaging feature shawn in page 452, which digitally 
averages the signal responses for each sweep, a better 
signal-to-noise ratio can be expected with a shorter sweep time. For 


more details see paragraph 4-14-+. Averaging. 


CF STEP SIZE 


m z 
CF STEP SIZE AUTO 
This key is used to activate the center frequency step size for 


center frequency control using oO] cay 


AUTO automatically sets the step size to one tenth the frequency span. 
Surveillance of a wide frequency span sometimes requires high 
resolution. One fast way to achieve this is to take the span in 
sequential pieces using a tailored center frequency step. This 
technique is described below: 

Set the center frequency and frequency span for the lowest frequency 


range of the signal response to be measured. 


Press Fay and then use the DATA keyboard to enter the same value 


CF STEP SIZE | 
as the frequency span. Activate the center frequency with a 5 


Now each | sets the center frequency to the next span. 


Center frequency step size can also be specified with sad 


For more details see paragraph 4-9. MARKER. 


MARKER 


MKR == CF 


z 
NOISE/Hz OFF CNTR RESOLN 
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FREQ. CNTR MKR=®REF. 
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Use of the MARKER controls increases the speed and accuracy of many 
measurements. The Multi Marker mode presents up to 10 markers available 


on the display. 


wails cS 


MARKER 


eee activates a single marker at the center of the display or at 
MARKER 


the last marker spot. 

The frequency and amplitude at the marker will be shown on the active 
function display area. The same data readouts are presented at the 
top right corner of the display as well. While the MARKER is 
normally abbreviated as "MKR" for readout, it is read as "COUNTER" or 
"CNTR" in the FREQ. CNTR mode or T.G. CNTR mode (to be described 
later). 

An active marker can be moved on a signal response trace with the 
DATA controls. The DATA knob can continuously control marker 
position for fine tuning. The DATA step keys move the marker in 
steps of one division each for faster control. 

Use of the DATA keyboard can directly specify the frequency to which 
the marker is to be positioned. IF a frequency outside the present 
frequency display range is entered with the DATA keyboard, the marker 
is positioned to the leftmost or rightmost graticule. 

The readouts of marker frequency and amplitude change with the 


movement of the marker. 
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MARKER 
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a 9-2. 


a9. 


When another function key (such as CENT. FREQ.) is pressed, the 
marker is deactivated. To activate the marker again press MARKER. A 


marker which can be controlled with the DATA controls is called an 


active marker. 
When a marker is active, the marker can be positioned on the desired 


trace by operating the VIEW or WRITE key for the trace memory A, A', 
B, or B' (see page 4-44). 


MKR OFF 


MKR_ OFF 


Operation of the MKR OFF key clears all markers from the display. If 
the MARKER key is pressed, a marker will appear again on the last 


marker spot. 


A (Delta) Key ae 


4 


| | presents two markers on the display. Omly one of the two 


4 
markers is activated and the differences in frequencies and 


amplitudes of the two markers are read out. The following example 
shows a measurement of frequency and amplitude differences between 


two signal responses: 
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Press MARKER to obtain the normal marker mode in which a marker is 


activated. Position the marker to the peak of one signal response 


“=f (]O 


Press[ | - The display will presents a second marker which is 


i) 
active. The first marker is deactivated and remains at the peak of 


the first signal response. The two markers overlap each other and 


appear as if a single marker. 


TRAITS — 3 — 
REF -10.0 Be “ATT 10 BB 
os 


- 8.0 dB 


wee C 


Position the second = to the peak of the second signal response 
trace with . Now the differences in the 


frequencies and oO of the two signal responses are directly 


read out. 
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4-9-4, 


To return the analyzer from delta mode into normal marker mode press 


the MARKER key. Only one active marker will be left on the display. 


PEAK SEARCH 
PEAK SEARCH 


Operation of th PEAK SEARCH key places a single marker at the peak of 


the maximum trace response. 


REF -10.0 dBm ATT 10 oB 


A= 24 


4-9-5. 


PEAK SEARCH 


Successive peak search 


If es) eas) [] are pressed, the analyzer enters successive 


SHIFT LABEL PEAK SEARCH 
peak search mode, in which the active marker repeats peak searching 


after each sweep. 
Pressing MKR OFF key cancels the successive peak search mode and 


erases the marker. 


ZOOM 

ZOOM 
Use of the ZOOM key with the DATA step keys can zoom in a signal 
specified by a marker. In other words, the zoom operation narrows 
the frequency span and positions a marker to the center of the CRT 
display. 
In the zoom mode, the DATA controls have functions different from 


those in other modes. 


= 5 2 |- : The DATA knob and DATA keyboard control 
O — ose Ce) “|. marker position. 
COIS 
mo E} 


Aa 


oO : The Data step keys position a marker to 
the center of the display while 
controlling the frequency span. 


a presents an active marker on the display. 
ZO0Ote 


Position this marker to the peak of the signal response trace to be 


measured. 


[2] [ea 


Each time is pressed, the frequency span is narrowed in 1-2-5 


sequences while the marker is moved towards the center of the display. 
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If the marker deviates from the signal peak as shown above, 
reposition it to the peak with the DATA control. 

To return the analyzer from ZOOM mode to normal MARKER mode press the 
MARKER key. 


MKR—» CF 


MKR => CF 
Operation of th MKR-»CF key substitutes a marker frequency for a 


center frequency. 


4 = 24 


SEM 


Press =e to activate a single marker and then position the marker 
MARKER 


to the peak of the signal response trace with DATA knob. 


i [5] [9] 
e} O 


The signal frequency is 
read out as 40.04 MHz. 


REF -10.0 cB 
ed 


a) REF -10.0 dBe 
Press the MKR ~CF key. 2 
The center frequency is 
set at 40.0 MHz and the 
signal response trace is 
positioned to the center 
of the display along with 


the marker. 


To press the MKR-— CF key more than once, wait until the first marker 
repositioning is finished, then press the MKR +.CF key for the second 


time. 
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4-9-7 e 


SIGNAL TRACK 


SIGNAL TRACK 


The analyzer can automatically maintain a drifting signal at the 
a 


center of the display. To operate signal tracking, press a) ; 
SIGNAL TRACK 


the indicator lamp on the key will go on to indicate that the signal 
tracking mode is entered. 

A second depression of the SIGNAL TRACK key will turn off the key 
indicator lamp and return the analyzer to the normal MARKER mode. 
Operation of the MARKER, OFF, A, or PEAK SEARCH key also clears the 
SIGNAL TRACK mode and activates the corresponding mode for which the 


key is pressed. 
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A drifting signal can be zoomed in in the SIGNAL TRACK mode with 


FREQ. 
SPAN - 


On the above example of the signal tracking mode, the frequency span 
was narrowed by using the "DATA STEP DOWN" key several times. 
Instead of using the key, the desired frequency sapn can be directly 
entered from the DATA keyboards. After the entry of the narrower 
frequency span by the DATA keys, the signal is zoomed step by step, 
tracking the signal at the center of the display. During this 
zooming of the signal tracking mode, "AUTO ZOOM" is displayed at 
the active function area, and all the keys but the ES acl PS 
SIGNAL TRACK MKR. OFF 


keys are inoperative until the zooming stops. To stop the auto 


zooming on the signal tracking mode, use either of the above two 


9 switches. 
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MKR/ «a +: STEP SIZE 


MKR /4 
=—>STEP SIZE 


(1) In the normal MARKER mode, operation of the “aa; key 
—>STEP SIZE 


substitutes marker frequency for center frequency step-size data. 


(2) In the DELTA MARKER mode, operation of the ae | key 
=> StH size 


substitutes frequency difference between two markers for center 


frequency step size data. 


(3) Center frequency can be controlled in steps wien | | and 


| with the step size determined in above steps (1) or 


| 
(2). 


For example, when measuring a fundamental wave and its higher 
harmonics, press MARKER switch to activate a single marker and 
position it to the peak of the fundamental wave. 


Then use the SIGNAL TRACK, FREQ. SPAN, and DATA step keys to zoom in 


on the fundamental wave at. the center of the display. 
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Next press the MKR/A + STEP SIZE key to substitute the marker 
frequency (fundamental wave frequency) for the center frequency step 
size; the indicator lamp on the CF STEP SIZE key will light. 

Press the CENT. FREQ. key to activate center frequency, then press 


La] - . The center frequency is doubled and the second harmonic can 


now be observed. 


Each time a 1s pressed 


subsequently, the third, 
fourth, and subsequent 


harmonics can be observed. 
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4-9-9. 


T. G. CNTR 
T.G. CNTR a 


SHIFT 
The T.G. CNTR mode counts the frequency of signals with great 


precision and accuracy. To activate the T.G. CNTR mode press 


COT. G. cntr 
EE the T.G. CNTR indicator lamp lights. 


SHIFT 
In the normal MARKER mode marker frequency is calculated from the 


marker position on the graticule and the center frequency, whereas in 
the T.G. CNTR mode, marker frequency is directly counted by the 
built-in counter. 

Marker frequency 1s read as CNTR XXX Hz at the top right corner of 
the display. To return the analyzer to the normal MARKER mode press 


(CJT. G. CNTR 5 ; ; 
ae Ea a second time; the T.G. CNTR indicator lamp will go of€£. 


COT. Gc. cntr 


SHIFT 


In the T.G. CNTR mode the resolution of the counter can be increased 
up to 1 Hz as follows: 


Press the SHIFT key and then the FREQ. CNTR key to activate the T.G. 


CNTR RESOLN 


CNTR mode. Then press - The display will show message 
SHIFT 


COUNTER RESOLN. 

Now enter the desired resolution data (least significant digit) from 
the DATA keyboard. 

Note that an excessively high counter resolution causes an extended 
gate time and hence delayed display writing. Also note that signal 


tracking is not usable in the T.G. CNTR mode. 
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4-9-10. FREQ. CNTR 


FREQ. CNTR 


Operation of the ea keys activates FREQ. CNTR mode; the indicator 
FREQ. CNTR 


lamp on the key will light. 

The FREQ. CNTR mode permits precision measurement of the frequency of 
a signal (on which a marker is positioned) the level of which is more 
than 15 dB higher than the noise level. For the measurement the 


marker need not be positioned at the signal peak. 


FREQ. CNTR 


The frequency readout indicates not the marker frequency but the 

frequency of the signal on which the marker is positioned, though the 
ee amplitude readout indicates the amplitude at the marker. 

In the FREQ. CNTR mode the title for frequency and amplitude readouts 


1s COUNTER or CNTR, which is the same as that in the TG CNTR mode. 


CNTR RESOLN 
To increase the frequency counter resolution, press and 


SHIFT 
then enter the desired resolution data (least significant digit to be 


read) from the DATA keyboard. To return the analyzer from the FREQ. 


CNTR mode into the normal MARKER mode press ars) again. The 
FREQ. CNTR 


indicator lamp on the key will go off to indicate that the normal 


MARKER mode is restored. 
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4-9-11. MKR — REF. 


MKR => REF. 


This key is used to substitute the amplitude at a marker for a 


REF, 
reference level LeveL |* 
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4-9-12. Multi Marker Mode MULTI_MKR 


SHIFT MARKER 
The Multi Marker mode allows the display to present more than one and 


up to ten markers at a time. 
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MULT] MKR 


If ES are pressed, "MULTI MARKER" will be shown on the 
SHE Tes 
active function display area. Use the DATA keyboard to enter the 


number of markers to be displayed. 

Then press the Hz key to register the entry data as the number of 
markers. Markers are presented on the display up to the programmed 
number each time the MARKER key is pressed. The following example 


shows display of three markers: 
MULTI MKR 


Press a » then enter 3 Hz from the DATA keyboard. When the 


_ SHIFT 
MARKER key is pressed the first time the first marker appears on the 


display. Position the marker to the desired signal response trace. 
The frequency and amplitude at the marker are shown on the active 
function display area and at the top right corner of the display. 
The second and third markers appear on the display when the MARKER 


key is pressed a second and third time respectively. 


Set up the analyzer for Multi 
MULTI MKR 


Marker mode with eS} a 
SHIFT 
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Set the number of markers to 


fs Hz on 
3 with —dBm }e 
usec 3 


Activate the first marker . REF -10.0 dBm 
(MKR 1) with 4 and place 
MARKER 


the marker on a signal with 


a) ae os dhhaveictharentaresianathtes alate 
} 3 ‘ 


Generate the second active REF -10.0 dBm ATT 10 4B mR 2 39.6 Mz 
18 6B [ -18.3 dim 
marker (MKR 2) with (a2) A a A Sa a 
MARKER Se 
The first marker is MARKER 2 
39.6 I ee 
—18.3, dBm = 


deactivated. 


marker (MKR 3) with [ 3 ° 


Generate the third active 


MARKER _ 


Now there are three markers presented on the display. 

Subsequent operations of the MARKER key will activate the three 
markers successively. | 

An active marker is highlighted. Operation of the MKR OFF key erases 
all markers from the display, yet the last positions of the markers 
and the programmed number of multi markers are left in the internal 
memory. So the markers can be recalled on the display one after 


another each time the MARKER key is pressed. To change the 
; MULTI MKR 


programmed number of multi markers press ee) eer: then enter 


SHIFT 
the new number of markers (between 1 and 10) from the DATA keyboard 


before pressing the Hz key. 
To return the analyzer from Multi Marker mode into the normal MARKER 


mode, set the number of multi markers to 1 with 


Capea en) 


SHIFT 
A +>.SPAN 
‘ i—> SPAN 
ib gcc? aay are pressed when the analyzer is in the Delta Marker 
SHIFT 


mode, the center frequency and frequency span are set so that the 


frequency range between two markers occupies the entire frequency 


span. In this case the two markers need not be active. 


hoa 3 ay 


“sep 
uo~wt) pests #0e ,eheds 


os3etad 3gAAag qyowpet3 
1) @iec Oid3 a2 Foqe 


The analyzer is returned from the Delta Marker mode to the normal 
MARKER mode with a marker appearing at the center of the display. 

The frequency span is slightly greater than the difference in the two 
marker frequencies (A). 

The center frequency is set at the left-side marker frequency plus 
span/2. 

In the Delta Marker mode the A > SPAN key is operative irrespective 


of whether the left or right marker is active. 
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Operation of the SHIFT and NEG. PEAK S. (Negative peak search) keys 
places an active marker at the bottom of the lowest signal response 


trace. 


(NEG. PEAK s..: 


SHIFT 
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4-9-15. Noise Level Measurement (Noise/Hz) 


When noise level measurement is activated and the marker is placed in 
the noise, the rms noise level is read out normalized to a 1 Hz noise 


power bandwidth. To activate the noise level measurement press 
NOISE/Hz ON 
R. 
SHIFT a 
The marker level readout on the display reads XX dBm/Hz, indicating 


the noise level measurement mode. To obtain a noise level over a 


bandwidth greater than 1 Hz, add the following value to the readout: 
(bandwidth) 
1SHZ 


To return the analyzer from the noise level measurement mode to the 
NOISE/Hz OFF 


normal MARKER mode, press (—_ }{e_}. 


_ SHIFT. _ 


10 10815 


NOISE/Hz ON 
R 
SHIFT 
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4-10. TRACE 


In the TRACE mode, up to four different signal response traces are 
converted to the corresponding digital information and stored in 
internal trace memories which can then be transferred to the CRT 
display. The trade memory consists of memories AGA. ab. ranges. 
Memories A' and B' are auxiliary to memories A and B respectively. 

This section describes the basic operating procedures in the TRACE mode, 


then presents simultaneous four trace display. 
4-10-1. Basic Operation Procedures in TRACE mode 


(1) WRITE and VIEW 


A= A’ 
[Pa] (aat) a ee i tas] 
WRITE WRITE VIEW VIEW B=>B’ 8 AVIEW BT VIEW 


WRITE and VIEW keys are provided for memories A and B. 

When the WRITE key is pressed, the analyzer signal response is 
written into trace memory during the sweep and the memory 
contents are displayed on the CRT. 

As a result, the signal response trace on the CRT varies with 
sweep rate. 

When the VIEW key is pressed, no updating of the trace memory is 
made and the result of the latest sweep is saved and displayed 


on the CRT. 
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The WRITE mode can be selected for only either of memory A or 

‘memory B at a time. 

Memories A' and B' have only VIEW keys and have no WRITE keys. 

The A+ A' (B + B') key is used to write information into 

memories A' and B', respectively. 

a. WRITE A 
When the WRITE A key is pressed, the analyzer signal 
response is written into trace memory A during each sweep 
and the memory contents are displayed on the CRT. The 
indicator lamp on the WRITE A key goes on to indicate the 
WRITE A mode. When the analyzer is initially switched on or 
the MASTER RESET key is pressed, the instrument is 
automatically placed in the WRITE A mode. 

b. VIEW A 
If the VIEW A key is pressed in the WRITE A mode, updating 
of trace memory A is no longer made and the current memory 
data is displayed on the CRT. 
If the VIEW A key is operated in the BLANK A mode (to be 
described later), the contents of trace memory A is recalled 
on the CRT. 

c. WRITE B 
When the WRITE B key is pressed, the analyzer signal 
response is written into trace memory B during each sweep 
and the memory contents are displayed on the CRT. 
The indicator lamp on the WRITE B key goes on to indicate 
the WRITE B mode. 
The WRITE mode can be selected for only either of memory A 
or memory B at a time. The memory for which the WRITE key 
is pressed most recently is placed in the WRITE mode. If 
the WRITE B key is pressed in the WRITE A mode, memory A is 
placed in the VIEW A mode and memory B is placed in the 
WRITE B mode. In this case, active contents of memory B are 
overlapped on stationary trace A. 

d. VIEW B 
If the VIEW B key is pressed in the WRITE B mode, updating 
of trace memory B is no longer made and the current memory 


data is displayed on the CRT. 
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Example of WRITE and VIEW mode usage 
A simple example of the WRITE and VIEW mode usage using the 
CAL. OUT. signal is described below: 


‘Press the AC key for INPUT-1. Connect the CAL. OUT. 


connector to the INPUT-1 connector with the supplied input 
cable MI-O2 (with he N-BNC adapter JUG-201A/U attached to 
the INPUT-l1 connector). Set the CENT. FREQ. to 50 MHz and 
FREQ. SPAN to 10 MHz. IF the analyzer is not in the WRITE A 
mode press the WRITE A key. 


MHz 


earthy eed Bloat 1D. 


WRITE 


Then press the WRITE B key. Trace memory B is placed in the 
WRITE mode and memory A is placed in the VIEW mode with 
trace A frozen. Press the CENT. FREQ. key and adjust the 
DATA knob. Active trace B can now be observed together with 


inactive trace A. 
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WRITE 


CENT 
FREQ 


Press the WRITE A key again to select the WRITE A and VIEW B 


mode. Trace A is now overlapped with frozen trace B. 


iste) 


WRITE 


fo DeeiB oe Als A VIEW A‘, VIEW B* 
These keys are used to transfer the contents of memory B to 


memory B' or those of memory A to memory A'. 


Pressing transfers the contents of memory B to 
B’ VIEW B= > B’ 
memory B'. 


4 ao 


Each trace is generated from 1001 points across the 
graticule. Odd numbered 500 points out of the 1001 points 
of trace B are written into memory B'. Even numbered 501 
points leave in memory B. 


stores the contents of memory A in 


AY VIEW - — SHIFT B= Bs’ 
memory A'. The odd numbered 500 points out of the 1001 


points of trace A are transferred to memory A', and the even 
numbered 501 points of trace A are left in memory A. 


Be sure to press [ee } or [Eas] before pressing lin as) 


aw VIEW B’ VIEW B= B’. 


(2) MAX. 


In the MAX. mode the maximum signal response is held and 


displayed. At the end of each sweep, the new data is compared 
with old data in memory at each 1001 point and a larger signal 


response is stored in memory. 


CJ Max. 
Operation of [sees ) Ee selects the MAX. A mode and the MAX. 
SHIFT ; Co max. 
indicator lamp lights. Soeereeson of fies ef} selects the 


SHIFT 
MAX. B mode. 


The MAX. mode can be cleared by pressing the WRITE, VIEW or 
BLANK key for the pertinent memory. | 


(3) BLANK 
(C) BLANK NK (OO 4’ BLANK = ("8 BLANK 
~ Ee] ED is 
€ Unnecessary traces can be blanked from the CRT by using BLANK 
keys. 
; __ CBLANK 
To blank trace A from the CRT, press a [Pa ] to place 


SHIFT 
memory A in the BLANK mode. 


Since the contents of the momory are saved in the BLANK mode, 

they can be recalled on the CRT by pressing the VIEW key. The 
BLANK mode can be selected for memories B, A', and B' in much 

the same way. 

If the BLANK key is pressed in the WRITE mode, updating of the 
memory is no longer made‘and the current memory data is saved, 


with the CRT blanked out. 
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(5) 


If the BLANK key is pressed in the VIEW mode, a frozen trance is 
blanked from the CRT and is saved in memory. 

The BLANK mode can be cleared by pressing the VIEW, WRITE or 
MAX. key. 

Ifthe VIEW A key is pressed in the BLANK A mode, the saved 
trace is recalled on the CRT. This procedure can be applied to 
memories B, A', and B' as well. 

If the WRITE A key is pressed in the BLANK A mode, the analyzer 
is placed in the WRITE A mode and the saved memory data is 
erased from memory A, and the signal response is written into 
the memory at the sweep rate and then transferred to the CRT 
(same for memory B as well). 


As mentioned earlier, when VIEW A' mode is selected with 
A => A’ 


leew | only the even numbered 500 points (out of 


A’ VIEW SHIFT 
1001 points) of trace A are transferred to the CRT. To display 
CJ * BUANK 


Z | 
the full 1001 points of trace A again, press a) [Fico 
SHIFT 
blank trace A' from the CRT, then press the WRITE A key. 


Trace exchange 


exchanges the contents of trace memories A and B. The 
ae 
contents of memories A' and B' are also exchanged at the same 
time. 

Trace subtraction 


subtracts the contents of memory B from those of 
A-B=PA 
memory B are subtracted from trace A from sweep to sweep and 


memory A or trace A and stores the result in memoty A. 


Lt Ea pressed in the WRITE A mode, the contents of 
A-B=@A 
the resulting trace is displayed. The indicator lamp on the 


key lights to indicate the A-B ~A mode. 
A-B=@A 


Lf 1s pressed in the VIEW A mode, the contents of 
A-B=@A 


memory B is subtracted from frozen trace A and the result is 
written into memory A and then transferred to the CRT. The 
indicator lamp on the key momentarily lights and 


i . A-B=?A 
memory A remains in the VIEW A mode. 
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ie: | ia is pressed in the WRITE B mode, memory B is placed 
in the VIEW B mode and the contents of memory B are 
subtracted from those of memory A and the result is written 
into memory A. The indicator lamp on the (7 | key 


° ° A-B A 
-momentarily lights. Samad 


ys ited selects the A-B >A mode, and 


WRITE A-B=>A SHIFT 
clears the A-B ~'A mode to return the analyzer to the normal 


WRITE A mode. 
b. B-DL >8B 
First place memory B in VIEW B mode. Then, press ° 
B-OL=—>B 
The display line level (to be described later) is subtracted 
from the contents of memory B (amplitudes at each point). 
If B-DL > B is pressed in the WRITE B mode, memory B is 
placed in VIEW B mode. 
Markers on memories A, B, A' and B' 
If the WRITE or VIEW key for memory A or B or the VIEW key for 
memory A' or B' is pressed when an active marker is present on 
the CRT, the marker is repositioned to the memory for which the 
corresponding key is pressed. At this time the marker position 
on the horizontal graticule line remains unchanged. An inactive 
marker remains in its home memory even when one of the above 
keys is operated. 
If one of memories Ay B, A' or B' is placed in the BLANK mode, 
the marker for that memory is also blanked from the CRT. Marker 
repositioning is described below: 
¢ Memory trace A (right) and memory trace B (left) are present 
on the display (see photo). Memories A and B are placed in 
the WRITE A and VIEW B modes respectively and an active marker 


is present on memory trace A. 
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MARKER 


If the VIEW B key is pressed the active marker is repositioned 


on trace B. 


VIEW 


50.198 MHs 
=31.3 dBm — 


CENTER 50.43 ttt: 


The marker moves on stationary trace B with the rotation of . 
the DATA knob. 
If the WRITE A key is pressed the marker is again repositioned 


onto trace A. 
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By utilizing this characteristic, differences in frequency and level 


between two traces can be read with a delta marker. 


The reading procedure is described in the following: 


First, activate a marker on a trace and position it to the desired 


position, then press lea. 3) . Press a trace key (e.g. EES to 
VIEW 


4 


reposition the active marker on the other trace, then position it to the 


desired position on that trace. 


The differences in frequency and level between the two traces are now 


read out. Note, however, that those frequency and level differences are 


calculated from the setup conditions (frequency span, dB/div., etc.) 


currently shown on the display. 


4-10-2. 


Simultaneous Four Trace Display 


An example of simultaneous four trace display using the 50 MHz CAL. 


Signal is given below. 


(1) 


(2) 


Press the AC key for INPUT-1. Connect the CAL. OUT. connector 
to the INPUT-1 connector with input cable MI-02 (with the N-BNC 
plug adapter attached to INPUT-1). 

Set the center frequency to 50 MHz. The CAL. signal will appear 
at the center of the display. 


Set frequency span to 10 MHz and resolution bandwidth to 
100 kHz. Press the WRITE A key. 
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A=? A’ 


Press ES and ea (ee) - The contents of memory A is 


A’ VIEW SHIFT 


transferred to memory A'. Traces A and A' cannot so far be 
discriminated from each other since the contents of memories A 
and A' are identical. 

Press the FREQ. SPAN key and then turn the DATA knob slightly 
counterclockwise to enlarge the trace. Now active trace A can 


be discriminatad from frozen trace A' on the display. 


—— REF -10.0 cba 


VIEW 


Press the WRITE B key. Memory A is automatically placed in the 
VIEW A mode and trace A is frozen. Memory B can now be updated. 
Turn the DATA knob to enlarge trace B. Now three traces B, A, 


and A' are displayed. 
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(6) 


(7) 


WRITE _ 


Press to transfer the contents of memory B to 
B’ VIEW B= B’ 


memory B'. Trace B cannot be discriminated from trace B' since 
the contents of memories B and B' are identical. 
Turn the DATA knob slightly counterclockwise to discriminate 


trace B' from trace B. Now four traces are displayed on the CRT 
at a time. 


REF -10.0 abe ATT. 10. aB_ 
ao ake 
B VIEW oe - 


4-11. 


(8) 


Use the BLANK key to blank unnecessary trace from the display: 
B’ BLANK 


blanks trace B'. 


i Dlankse trace A. 


SHIFT A’ BLANK 


(eke) gar) blanks trace A'. 
SHIFT : 


To recall a blanked trace on the CRT, press the VIEW key (e.g. 


B’ VIEW 
(9) If contents of trace A and trace B are desired to be exchanged 
under simultaneous four trace display preserving trace A' and 
trace B' as it is, it can be performed by the following 
operation. 
Specify taces A, A', B, and B' to VIEW mode, and then press 
CC), Be): keys 
SHIFT LABEL 
Note that traces A and B, and traces A'and B' are ecxchanged 
simultaneously, if L_} key is depressed. 
AaB 
TRIGGER 


TRIGGER 
SAVE 


SWEEP 
IND. 


TRIG. LEVEL 


68uV/m OFF 
E 
SINGLE 


The analyzer sweep is triggered by selection of one of five modes. 
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(i) 


2) 
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INT. 


= T) 


INT. 
Automatically repeats internal triggering. 


LINE . ae 
Repeats triggering in synchronism with the line frequency. 
EXT. 

EXT. 
Allows the next sweep to start in synchronism with an external 
trigger signal (TTL compatible) supplied to the rear EXT. TRIG. 
connector. Triggering occurs at a HIGH to LOW transition of the 
external signal. 
VIDEO 

VIDEO _ 
Allows the next sweep to start if the detected IF envelope voltage 
rises to a level set by the TRIG. LEVEL knob. If the trigger 
fails, adjust the TRIG. LEVEL knob. 
SINGLE 

SINGLE 
Allows the next sweep each time the SINGLE key is pressed. 
Trigger mode selection 
One of the above five trigger modes should be selected. The 
indicator lamp on the selected key will light. Normally, set the 
trigger mode to INT. 


4-12. DISPLAY LINE AND LABEL | 
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4-12-1. DISPLAY LINE saad 


DISPLAY LINE 


activates a display line (horizontal cursor line) on the 
DISPLAY LINE f 


display. . 

The display line can be positioned anywhere within the graticule by 
the DATA knob or DATA step keys. The display line level is read to 
the left side of the CRT as "DISPLAY LINE XX dBm". The same readout 
is always presented at the bottom left corner of the display as "DL 
XX dBm". The peak level of a signal response trace can be easily 
read out by positioning the display line to that peak level. 

The DATA step keys move the display line one tenth of the total 
amplitude scale per step. The DATA knob moves the line in display 


unit increments for finer control. 
OFF 
erases the display line from the CRT display but does 
SHIFT DISPLAY LINE 
not reset the last position. If the display line is activated again 


with ,» 1t will return to its last position. 
DISPLAY LINE 


4-12-2. LABEL 


selects the LABEL entry mode; the indicator lamp just above 
LABEL : 
the aa key lights, a cursor (-) appears on the CRT, and the front 


LABEL 
panel keys have functions different from those in the normal mode. 


4 — 52 


TOktae #& , aTagee xa | — 
Toate lsh aaeteses® ‘awed oyee 
<a : 
7 _" ¥ ion _ 
- 7 


= 


t 


siaeiiee L| : 


i vuAwe 
«telgaht 


ceigeil} ect 
lace ATM eds 
® F301 eds 


syeute.ol 

 . ie 

(3 co oes 

n ATA) Gee ; 
tii eee 


surcn. yop 


ia 
, te oe 
aa a! 
40° San 
- iw 
ree 
as a7 vi, 
es | 
¥ 
wide 
aoe 
S ee, 
re ae 
amas «af 
- —_ 
Ra: ada wiselee [ 
ams 


a 


i a 
i. 


es 


The LABEL mode permits entry of optional alphanumeric characters in 
the top area of the CRT display. The green letters presented beside 
each key are entered in this mode. Up to 54 characters can be 
entered per line. The DATA keyboard can be used for entry of 


numerical: characters. 


A space can be created between characters by pressing the [Ju key 
HOLD 


in the DATA section. If an entry error is made, press the BACK SPACE 
key on the DATA keyboard. 

The last character will be erased and the cursor will backspace one 
character position. 

When entry of a label is completed, press the SHIFT key. This will 
clear the LABEL entry mode and return the front panel keys to thier 
normal functions; the indicator lamp above the LABEL key goes off. 

An entered label can be edited by deletion or insertion. For label 
editing, place the analyzer in the LABEL entry mode by pressing the 
LABEL key. The cursor position can be controlled with the DATA 


knob. To delete a label character, position the cursor to the 
character with the DATA knob and then press once. To insert 


characters, position the cursor to the’ character location at which 


insertion begins and then prese| >]. A space of five consecutive 


character locations will appear at and beyond the cursor position. 
Each time a character is inserted into this space, the five character 


Space moves to the right by one character location. When insertion 


is completed, press again. 


A character at the cursor position can be overwritten. The old 
character at the cursor position is overwritten with a new character. 


A character string entered in the LABEL mode can be cleared with 
LABEL CLEAR 
[_}e . It is also cleared when the MASTER RESET key is 


SHIFT 
pressed or the device is switched to the STANDBY state. 
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4-13. SAVE AND RECALL SAVE RECALL 


(aa) (Ses) 


Up to 8 key statuses can be saved in internal registers and recalled as 
' SAVE 


needed. To save the current key status press( | Fad » then press a 


SHIFT 
numerical key between 1 and 8. The key status is saved in the register 


with the corresponding number. The saved key status can be recalled by 
RECALL 


pressing ee) (cae and then the number key which corresponds to the 
SHIFT 
register number from which the key status is to be recalled. When 


recalled, the current key status will be replaced with the saved key 
status. 

The register contents remain intact even when the POWER switch is set to 
STANDBY. If the power cables of the instrument are unplugged from the 
outlets, the internal back-up battery maintains the register contents 
for about two weeks. 

A label (character string entered in the top area of the CRT display) 
cannot be saved, nor can marker, trace, signal responses, or display 


line. 


CENTER 213.0 fz 
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MASTER 
RESET 


RECALL 


(JOU 


Save Registers 0 and 9 are also available as well as 1 through 8. 
However, the contents of Save Registers 0 and 9 may be changed when the 
MASTER RESET key is pressed, the power is turned off or the Error 


Correction Routine is executed or an optional function is executed. 
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4-14. 


SHIFT 

SHIFT 
When the SHIFT key is activated, a key operated immediately after the 
SHIFT key provides supplemental or unique measurement capability 
indicated by yellow characters above each key. Some keys require the 


double shift operation for which the LABEL key must be pressed after the 


SHIFT key is operated, such as Beesbad dB 
SHIFT LABEL 


This paragraph covers the description of the shift key functions 


hitherto not covered in the preceding paragraphs. 


4-14-1. Video Averaging (AVG.) 


In the Video Averaging mode, signal response data is averaged while 
it is weighted in the time domain. Averaged data are added to new 
data under a certain weight by the preset number (N). Averaging is 
effective only in the WRITE A mode. 

The Video Averaging mode allows a good signal-to-noise ratio without 
long sweep time. 

The Video averaging of each amplitude point on the frequency axis is 
given by the following equation: 


= = yn-1+ - Vie wsn  N) 


— 


yn 


where yn: n'th data 
yn: n'th averaged data 


yn - 1: (n - 1)th averaged data 
AVG. ON 


To activate video averaging, press [ k ; video averaging is 
SHIFT VIDEO BW 
immediately started. 


The number of averaging is read to the top left corner of the display 
as "AVR XX", and the programmed number of averagings is read to the 
active function display area. (These readouts disappear when another 
function key is pressed.) 

When the programmed number of averagings (N) is reached, 


~ : : : Nate! 1 
2 and ~ in the above equation are fixed to and — 


N N 


respectively. 
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4-14-3. 


Averaging for n > N is performed according to the following equation 
(however, the current averaging number readout on the display stops 
atn=N): 
Na tak —- ax 1 

ny yn js y yD 


When the analyzer is initially switched on, the number of averagings 


uf hae 


1s preset at 128. To mdify this number, enter the desired number 
(2":64 for instance) from the DATA keyboard and then press one of the 
units keys. This technique allows programming of up to 4096 


averagings. Averaging sequence temporarily stops and then restarts. 
AVG. OFF 


To disable averaging press [] me 


SHIFT CF STEP SIZE 
Do not change the analyzer's settings such as center frequency or 
24 q y, 


frequency span while performing the video averaging. To change those 
settings, first stop the video averaging, then change those function 


settings, next restart the video averaging. 


FULL SPAN (SHIFT C) 
"FULL SPAN - 
© sets center frequency to 900 MHz and frequency span to 


SHIFT tex : 
full 1800. MHz. 
TETECTION (SHIFT n, p, s, 2) 


One of four detection techniques can be selected for displaying trace 


information. NORM. D. 


(1) Normal Detection mode (ens) [_]s 


SHIFT 
The normal mode is initially selected when the analyzer is 


switched on. The positive and negative peak values are 


displayed alternately at each point on the frequency axis. 
POSIT. PEAK 0. 


(2) Positive Peak Detection mode faa p 
SHIFT 
The positive peak detection mode displays signal maximums for 


the time period at each point on the frequency axis. 


"POS PK" is read in the active function display area. 
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4-14-5. 


NEG. PEAK D. 


(3) Negative Peak Detection mode 
SHIFT 

The negative peak detection mode displays signal minimums for 
the time period. "NEG PK" is read in the active function 
display area. SAMPLE D. 

(4) Sample Detection mode fa) nel: 
In the Sample Detection mode, the instantaneous signal value of 
the final analog-to-digital conversion for the time period is 
displayed. "SAMPLE" is read in the active function display area. 
When the Averaging mode is selected, the Sample Detection mode 


is automatically selected. 
REF. OFFSET 


Any desired offset:value can be applied to the reference level of 
REF. OFFSET 


this unit. First press the and keys, and then key in the 
SHIFT 
offset value [XX dBm] using the DATA keyboard. If a negative unit 


Hz 
offset value 1s required, press the switch after keying in 
psec 


the numerical value. 

The input offset value is displayed constantly in the bottom left 
hand corner of the screen in the "OFFSET XX dB" format. Subsequent 
reference level, marker, and display line displays appear with this 
offset value added (or subtracted if a negative offset). 


Offset input is still possible when the reference level is displayed 


; : kHe A : : 
in [dBu]. In this case, press the or Bas after keying 
msec 
psec 


in the numerical offset value. 


Reference level offset is cancelled and the offset value reset to 
REF. OFFSET 


zero by pressing the [---} ee (a and switches. 
SHIFT msec 


Electric Field Strength Measurement 
(1) Connect an antenna to the TR4172 input terminal (50 2), noting 


that the antenna impedance must be 50 2. If not, achieve 


impedance matching by using a matching circuit. 
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(2) 
(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


Set the center frequency and frequency span. 


OB 
Press [ie Byenc FRE. |, to set the level unit to dBn. 
Sart SPAN 


Press the [J switch to obtain a marker output in the screen, 
MARKER 


and adjust the marker to the frequency spectrum to be measured. 
The relation between the marker point display level, that is, 
the TR4172 input terminal voltage ex (dBuV), and the actual 
electric field strength (dBuV/m), is given by the following 
expression. 

Bs ees a 
where K is an antenna coefficient (dB) 
When the Takeda Riken TR1722 half-wavelength dipole antenna is 


used, the above antenna coefficient K can be corrected for 


automatically. 
4t:V//n ON 
Press = endi|coae | - The marker unit is changed to dBuV/n, 
SHIFT VIDEO 


and the electric field strength Ex corrected for antenna 
coefficient K can be read directly. Note, however, that this 
calibration requires that the supplied 5D2W 10 m cable be used. 
Use of any other cable will result in the introduction of error. 


If the Takeda Riken TR1711 logarithmic periodic type antenna is 


(tuV//n ON 
used, press the [-——} ana keys. The Ex value will be 
SHIFT VIDEO 


a value obtained by subtracting 5 from the displayed value (in 


dBuV/m). REF. OFFSET 


Hz 
lie [-—-), ee ve =! and |--d8m | are pressed, an offset of 
SHIFT = 


-5 dBm is applied to the reference level. This means that the 
marker value can be read directly as the Ex (dByV/m) value. 

In this case, too, calibration is dependent on the use of the 
5D2W 10 m cable supplied. The use of any other cable results in 


the introduction of error. 
(8uV/m OFF 


When [-] and are pressed, the marker electric field 
SINGLE 


SHIFT 
strength measurement is cancelled, and the marker unit is made 


uniform with the reference level. 


Ae, 


(9) If other antennas apart from TR1722 and TR1711 are used, 
calibrate with the following equation. 


Ex (ex + 6) + La - He + Ba 


= ete Kh 
where He (dB) is the effective antenna length, 
La-(dB) is cable loss, 
Ba (dB) is balun loss, and 
K (dB) is the calibration coefficient. 
The calibration coefficient for half-wavelength dipole antennas 


is determined from the following equation. 


K = 20 log an r+ 6+ La + Ba 


where F is the reception frequency (MHz) 
= -33.6 + 20 log F + La + Ba 
If a wide-band arithmetic periodic type antenna is used, subtract 


the antenna gain (half-wavelentgh dipole antenna ratio). 


MH 
4-14-6. SAVE Register Alternate Sweep-] (wee) (ee) 
< SHIFT LABEL is 


When SAVE registers 1 and 2, and WRITE A mode and WRITE B mode are used, 
measurement based on two independently set conditions can be executed 
alternately, and the results of both measurements can be displayed 
simultaneously in the screen. The procedure involved is described 
below. In the examples shown here, the vertical axis scale is set to 


10 dB/div. and 2 dB/div. 


(1) With the instrument in the initialized state, press the 


View 
switch to select WRITE A VIEW B mode where the first measuring 


condition is set. The vertical axis scale in the initialized 
state is. 10 ldB/div. 
Set the center frequency and the frequency span. 


SAVE 
(2) Press esi: [P--], and to store the first measuring 


SHIFT é 
condition in SAVE register 1. 
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(3) Then press the switch to select WRITE B VIEW A mode. The 


WRITE 
vertical axis memory is changed to 2 dB/div. by pressing 
2dB/ DIV. SHIFT 


(4) Although other measuring conditions can be varied as desired, do 
not change CENT. FREQ or FREQ. SPAN. If change to either of 
these functions is desired, refer to the following Save register 
alternate sweep - 2 procedure. 


SAVE 
(5) Press [= -}, ay: and (wees. to store the second measuring 


SHIFT 
condition in Save register 2. 


REF -1S.1 so : 


WRITE 
2 abv 2 

2d8/ DIV. 2 : o ‘ 
SAVE REG ;- 

q 

SHIFT : 

-_ SAVE 

ae) (Ss : 

SHIFT 
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4-14-7. 


(6) The alternate sweep mode is selected by pressing es) [pam 


MHz SS SHIFT LABEL 
and| #8 |}. SAVE register 1 and SAVE register 2 [Ge are 
oe WRITE 


WRITE 
recalled alternately at each sweep, and are displayed 


Simultaneously in the screen. 


The LED Indicator lamps in the and switches come on 


WRITE WRITE 
alternately to indicate the alternate sweep mode. 


If a short sweep time is selected, the readouts may be difficult 
to read because they change at a relatively high rate. 


The Alternate sweep mode can be disabled by pressing any key. 


SHIFT LABEL 


SAVE Register Alternate Sweep-2 fais sp. 

SHIFT bie 
In addition to the functions saved in the SAVE register alternate 
sweep-1 mode, different center frequency and frequency span data can 
be saved in SAVE registers 1 and 2 in the SAVE register alternate 
sweep-2 mode. The required save method is identical to that for the 
SAVE register alternate sweep-1 mode. In the alternate sweep-2 mode, 
the display writing rate may be lower than that in the alternate 


sweep-1 mode. 
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4-14-8. 


Logarithmic Scaling for Frequency (Log Display) 


After blanking the B and B' traces, pressing [eee] [ae] 
SHIFT LABEL 


places the horizontal graticule in the logarithmic scale. The center 
frequency and frequency span readouts disappear from the display and, 
instead, a START frequency (frequency at the left most graticule) and 
a STOP Prequencs (frequency at the right most graticule) are read 
out. The START frequency is selected from 100 Hz, 1 kHz, 10 kHz, 

100 kHz, and 1 MHz so that the center frequency on the linear scale 
is positioned near to the center of the display. Since the frequency 
span covers three decades, a STOP frequency is 1000 times as large as 
a START frequency. .For instance, when the center frequency is 
between 100 kHz and 900 kHz, the START and STOP frequencies are 

10 kHz and 10 MHz respectively. 

The analyzer can be returned to the linear mode by operating any key 


except the [----] key for plotting. (See page 8-25 for plotting.) 
4 


A log display example is given below. 
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4-14-9, 


SAMPLE D. 


When observing noise wavefrom, press [ages] [_}: to select the 
SHIFT 


sample detection mode before entering the log. display mode. When 
the RES. BW. key is in the AUTO mode, a constant resolution bandwidth 
may not be selected over the three decades. To obtain a constant 
resolution bandwidth over the three decades, press the RES. BW. key 
to select MANUAL mode and select desired resolution bandwidth in 
MANUAL mode before entering log. display mode. 


Logarithmic scaling trace in memory A can be stored by operating keys 


teal . If the HOLD key is presssed to return to linear 
VIEW A B 


scale mode, information of logarithmic scaling trace except vertical 
graticule stored in memory B is saved. Press the key Q when plotting 


by TR9834R is desired. 
Error Correction Routine 


Absolute level errors due to resolution bandwidth switching can be 
corrected using the TR4172 calibration signal. After warming up the 
instrument for more than one hour, mount the supplied N-BNC adapter 
on the INPUT-1 connector, then connect the CAL. OUT. connector to 


INPUT-1 connector with the supplied input cable MC-61. 


Press [ieee] (eines) [ to enter the error correction routine. 


SHIFT LABEL 
Execution of the routine will continue for approximately one minute, 


during which "CALIBRATING" message is shown in the left informaion 
area on the display and all the control key functions on the front 
Panel of the TR4172 are disabled. 

When executin of the error correction routine is completed, dispaly 
errors for the -20 dBm CAL. signal at each resolution bandwidth 
setting are stored in internal memory. For all the subsequent 
measurements, the reference level is automatically corrected 


according to the stored error information. The error information 


stored in memory can be listed on the display by operating ee 
SHIFT 


al Ee - Check if all error levels are within +3 dB. After 


LABEL 
checking the listing, press any key to restore the normal display 
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image. If there is any error level which exceeds +3 dB, adjust the 
CAL. control on the front panel. The CAL. control adjusts IF gain of 
the instrument; clockwise rotation decreases the gain (and hence the 
level on the display), while counterclockwise rotation increases it. 
If the level error exceeds +3 dB, turn the CAL. control clockwise; if 
it is below -3 dB, turn the control counterclockwise. 

After the adjustment using the CAL. control is completed, execute the 
error correction routine again and list the level error information 
on the diaplsy. Make sure that all level errors are now within 

+3 dB. Error information stored in the memory will remain intact 
even if the MASTER RESET key is pressed, POWER switch is set to 
STANDBY, or the power cable is unplugged from its supply outlet. The 
internal back-up battery (Ni-Cd) maintains the information against 


power off for up to two weeks. 


To clear the error information from the memory, press [raiee] 
SHIFT 


pes) (ise) - if an error correction routine is executed 


LABEL BACK SPACE 
subsequent to a previous one, the previous error information is 


replaced with the new error information. 
If the error correction routine is executed with the CAL. OUT. 
connector disconnected from the INPUT-1 connector, the following 
message will be shown in the left information area on the display: 
PLEASE CONNECT CAL. OUT. TO INPUT~-1 
CONTINUE OR QUIT? 0 OR 1 
When executing the error correction routine, connect the CAL. OUT. 
connector to INUT-1 with the MC-6] cable, then press key 0 on the 
numeric data keyboard. To suspend the execution press key 1 on the 


numeric keyboard. 
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4-15. QP Measurement Mode (Option 01) 


SA Be ell 


Outline 


Option 01 is used to measure impulsive noise. As indicated in 
Table 4-2, the various constants used in the measurement comply with 


the values prescribed by CISPR standards. 


Table 4-2 CISPR standards concerning basic QP measurement characteristics 


B52 6 


[e300 wis co 1 oi | 120-sae [| tee | 5500 | 160 00 


Charging |Discharging| Mechanical 
time time time 
constant |constant constant 


Frequency range 


QP value measurement 


(1) Set the center frequency and the desired frequency span. 
(2) Press and increase or decrease input attenuation with the 
INPUT ATT. 
DATA knob or step keys, 10 dB at a time, while observing the 


waveform on display. 
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(3) Check that the waveform level does not vary. If it varies, 
input to the TR4172 is saturated. To avoid saturation, increase 
input attenuation or insert a bandpass filter or equivalent in 
the input circuit. 


(4) If no variations in the waveform level have been verified, 


change the reference level with to set the output peak 


level 20 dB to 30 dB down from the top of the screen before 


entering a QP measurement mode listed in Table 4-3. 
Table 4-3 QP measurement modes 


Frequency range 6 dB BW QP measurement 


10 kHz to 150 kHz] 200 Hz ea} ees mere 
Eo | 
ea) ia 


C,D:\ 30 MHZ to 1 GHz 120 kHz 
L] 


To cancel QP measurement mode, 


(5) QP measurement involves the use of long time-constant circuits 
as shown in Table 4-2, requiring sufficiently long sweep time 
settings. As a general rule, set a sweep time of 
1 second/200 Hz in frequency range A (10 kHz to 150 kHz), to 
1 second/10 kHz in frequency range B (150 kHz to 300 MHz), and 
to 1 second/100 kHz in frequency ranges C and D (30 MHz to 
1 GHz). 

For example, the sweep time should be set to 50 seconds if 
measuring in a frequency range with a frequency span of 10 kHz. 

(6) After setting the sweep time, press the MARKER switch to output 
a marker. The level at the marker point is represented in dBn, 
indicating the QP value of the input terminal at the 


marker-point frequency. 
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(7) 


(8) 


(9) 


(10) 


al A) 


dBuV/m ON 


Press eal when a Takeda Riken TR1722 half-wavelength 
SHIFT 


dipole antenna is used. 
This key-in sequence automatically corrects the antenna 
coefficient to represent the marker point level in dByV/m, 


permitting the QP value to be read directly. 


With a Takeda Riken TR1711 logarithmic-period antenna, press 
68uV/m ON REF. OFFSET 


Hz 
SHIFT SHIFT LEVEL USEC 


of -5 dB in the reference level. 

Again, the antenna coefficient is automatically corrected, 
enabling direct reading of the QP value. (It is displayed in 
dBu.) 

The automatic correction for the TR1722 and TR1711 antennas 
assumes the use of the supplied 10m 5D2W cable. 

Use of any other cable might produce an error in antenna 
coefficient correction. 

If a different antenna is used, calculate the QP value by 
determining the correction coefficient with reference to 
4-14-5. "Electric field strength measurement." 


To cancel the QP measurement mode, press( | [jz 
SHIFT LABEL AUTO 
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&=15-3. QP BW Check 


6 dB BW (bandwidth) of CISPR standards listed in Table 4-2 can be 
verified by following the procedures given below. 
(1) Connect the CAL. OUT signal to the INPUT-1 connector of RF 


section, and set the center frequency to 50 MHz by operating 


Joo 
wv | @ |G 
(2) Set the frequency span, depending on which of frequency ranges A 


to D has been set, as indicated in Table 4-4. 
Table 4-4 QP BW check 


Frequency 
span 


= Le) 


Frequency range QP BW check mode 


e23) ian 
30 MHz to 1 GHz 120 kHz ie = 
se) 


To cancel QP BW check mode, 


LABEL AUTO 


After entering the frequency span, execute one of the QP BW check 
modes, depending on which of frequency ranges A to D has been 
set, as indicated in Table 4-4. 

(3) Freeze the spectrum by pressing key, and then press ss 
key and use the DATA knob to heck) dB bandwidth. 4 
Specifications are as shown below. 

A) 200 Bz +t) 20FHz 
B) 9°kH2-+°1 kHz 
C. 2D Jie V20ekKHz et 200khz 
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4-16. X-Y RECORDER OUTPUT (OPTION 03) 


This optional output provides signal response and graticule 
information (display line and markers are not included) to an X-Y 
recorder. The information on the display is subject to 
digital-to-analog conversion and coupled to the X, Y, and Z 
connectors on the rear of the instrument in the form of analog 
signals. The usage of this optional output is explained in: the 
following: 

First, connect the TR4172's rear X, Y, and Z connectors to the X, Y, 
and Z inputs on the X-Y recorder respectively. 

Eacb output has an output voltage range of 0 V to approximately +5 V. 
The Z output provides pen up/down control: 0 V for pen up, and 
approximately +5 V for pen down. While the initial default setting 
for the Z output for pen lift control is O V for pen up and 
approximately +5 V for pen down, this condition can be reversed by 
key operation (See page 4 - 67). If the Z output does not match the 
specification of the X-Y recorder used, use the Pen Lift switch on 
the recorder for pen up/down control. 

The necessary key operations for the optional output are described 
below: 


(1) X-Y recorder output mode 


2 
Press (teas ad to select the X-Y recorder output mode. 
SHIFT 


LABEL 
Message ''X-Y RECORDER" will be shown in the active function display 


area of the screen. In this mode each front panel key has 
functions different from those used for normal measurement. To 
clear the X-Y recorder mode, press the SHIFT key. 

(2) Setting the image size and position 


To set up the size and position of the output image on the X-Y 


recorder, press the Lo key. This will lift the recorder's pen 


and move it to the lower left home position. Message ‘LOWER LEFT" 


will be shown in the active function display area of the screen. 


Operation of the a] key lifts the pen and moves it to the upper 


right home position. Message "UPPER RIGHT" will be shown in the 
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(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


active function display area of the screen. 

Determine the size and position of the output image on the recorder 
by adjusting the gain and offset of the recorder while operating 
these two keys. 


All trace and scale output 


Operation of the key causes the X-Y recorder to record all 
traces (traces A, A', B and B') and graticule. After recording one 
trace, the recorder's pen lifts, returns to the lower left home 
position, and then starts recording the next trace or graticule. 

If the Z output (pen lift signal) of the TR4172 does not match the 
X-Y recorder specification, pen lift operation will not be done 
automatically. In this case, use (4) through (8) below, and 


manually lift the pen at the end of each trace output, press the 


LO] key to return the pen to the lower left home position, then 


lower the pen again before starting output of another trace or 
graticule. 


Output of only the graticule 


Press the key to output only the graticule. 


WRITE 
Trace A output 


ES 
Press the key to output trace A. 
VIEW 


Trace B output 


Press the key to output trace B. 


VIEW 
Trace A’ output 


Press the eae) key to output trace A’. 
A’ VIEW 


Trace B' output 


Press the Peta) key to output trace B'. 


B’ VIEW 
Holding recorder operation 


If the [} key is pressed, the X-Y recorder temporarily suspends 
HOLD 
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its operation with its pen lifted up. A second operation of the 


[_ ]xey restarts recorder operation from the bold point. If other 
HOLD 


=) : : 
trace key (e.g. key) is pressed when the pen remains 
zl WRITE 


stationary, the pen will automatically return to the lower left 
bome position and then start output of the trace selected with the 
trace key. 

(10) Clearing the X-Y recorder output mode 
To clear the X-Y recorder output mode, press the eS) key. 

(11) Recording speed selection Ee 
The frequency axis of the TR4172 usually consists of 1001 data 
points. Each of these points is subject to digital-to-analog 
conversion at approximately 100 ms sampling rate for the optional 
X-Y recorder output. This sampling rate can be varied between 


approximately 10 ms and 1000 ms with the (F_] key and DATA knob 
SWEEP TIME 


used together. 


Operation of the [Eee key will show the current sampling rate 
SWEEP TIME 


"100 ms/POINT" in the active function display area of the screen. 
Use the DATA knob to change this active readout of sampling rate to 


the desired rate. 


This newly specified sampling rate will be cleared into 
100 ms/POINT and its readout will disappear from the active 
function display area when the X-Y recorder output mode is cleared 
with the SHIFT key operation. 

(12) Pen up/down control setting 
If the Z output of the TR4172 properly matches the pen control 


input of the attached X-Y recorder, operation of Eval key will 
RES. BW 


lift the pen, and operaiton of [_] will lower it. If the 


AUTO 
actual pen movement is the reverse of the above, reverse the 


polarity of the Z output according to the following instructions: 


(13) Z ouput polarity reversal 
1c [eal key is pressed, the Z output provides 0.0 V for pen-up 


VIDEO BW 
and approximately +0.5 V for pen-down. At this time the message 
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"DEN UP/DOWN = LO/HI" is shown in the left information area on the 
display. 


If [_]: key is pressed, the Z output provides approximately 
AUTO 


+5.0 V for pen-up and 0.0 V for pen-down. At this time the "PEN UP 
/DOWN = HI/LO' is sbown in the left informatuon area on the display. 


4-17. WRITING UPPER AND LOWER LIMIT DATA. 


Upper and lower limit data can be written on the TR4172's screen 
directly from its front panel. This allows the operator to know whether 
the signal response trace in question falls within the limits or not at 


a glance (see Figure 4-1). 


REF 9.2 6m — ATT 10 oB 
10 6 —— 


Fig. 4-1 Signal response observation with upper and lower limit 
data written on the screen 


First write upper (or lower) limit data into memory A, then transfer the 
data to memory A'. Next, write lower (or upper) limit data into memory 
A, then place the analyzer in WRITE B mode for signal observation. More 


detailed procedure is described in the following: 
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(1) Press the VIEW A key. Place memory B into VIEW B or BLANK B mode. 


(2) Press Bes (exe) keys. This will present an active 
SHIFT LABEL OISPLAY LINE 
marker at the bottom left corner of the screen. 


(3) Operation of LO] or key will enter the upper or lower 


limit data write mode. 


CES ts a] key is pressed, rotation of the DATA knob moves the 


marker in the vertical direction: clockwise operation of the knob 


moves the marker upward, and counterclockwise operation of the knob 


moves it downward. 


A’ VIEW B VIEW 


ae 


LABEL OtSPLAY LINE 


[a] ©) 


CENTER 213.0 tts 


(Smelt LO} key is pressed, operation of the DATA knob moves the 


marker in the horizontal direction to enable upper or lower limit 


data writing. Subsequently use Lo] ae LO key to write the 


desired upper (or lower) limit data on the screen. 
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(6) 


(7) 


(8) 


re) 
Ke) 


While upper or lower limit data is being written, the frequency and 
level at the marker are read out at the top right corner of the 


screene 


If the DATA knob is operated after (aoe) key is pressed, limit 
BACK SPACE 
data writing will not occur, and the marker simply moves along the 


upper or lower limit trace already written on the screen. 


Operation of Lo] or i key will again enter the limit data 


write mode. 
When all upper (or lower) limit data is written, press the SHIFT 
key. This will erase the marker from the screen and place the 


analyzer into the normal measurement mode. 


a 


> 


nme 


(9) 


SHIFT 


- oo” 108 ke 


When subsequently writing lower (or upper) limit data as well, 
proceed with following steps (10) and (11). If not, proceed with 
step (12). 


(10) When writing lower (or upper) limit data following upper (or lower) 


limit data writing, press [aa (be 3} fe o) [upee} =] 


A VIEW SHIFT SHIFT 
and keys, then press eoay) ea and es) key to 
VIEW OISPLAY LINE 


present and active marker. Then "follow the procedure given in 
above steps (3) through (7) to write lower (or upper) limit data 


directly on the screen. 


pee. 


io 


=.) 


A= A’ 


ea 
ae) Pa 


A’ VIEW SHIFT 


SHIFT VIEW 
SHIFT LABEL OISPLAY LINE 


SHIFT 


(11) When all lower (or upper) limit data is written into memory A, 
press the SHIFT key to erase the marker from the screen, then press 
the VIEW A' key. This wilt show the lower and upper limit traces 


each stored in memories A and A’, on the display. 
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4-18. 


4-19. 


(12) Press the WRITE B key and observe the signal response of the DUT. 


CENTER 213.0 fz 


from memory A. Operation of fieees Ba keys erases the upper 
SHIFT 
(or lower) limit data from display, but memory content remains. 


Therefore, operation of VIEW A' key displays the upper (or lower) 


limit again. 


SWEEP RESET 


Operation of i (2) [e): keys resets sweep to cause it to 


SHIFT LABEL SWEEP TIME 
restart from the leftmost graticule. 


RES. BW 7 Hz 


Operation of (Pane) a [_} keys sets resolution bandwidth (RES. 


SHIFT LABEL, AUTO 
BW) to 7 Hz. In this case, however, data will not be guaranteed as the 


bandwidth accuracy is outside the specification. 
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SHIFT LABEL 


a) | REF -10.0 dBm 
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4-20. CENTER FREQUENCY REPOSITIONING (DRIFT CANCEL) 


(1) 


(2) 


(3) 


On the TR4172, center frequency is repositioned for each sweep 
when the following center frequency and frequency span are 
selected, so as to prevent frequency drift: 

Center frequency: 1500 MHz or below and | 

Frequency span: 10 MHz to 510 kHz, or 10 kHz or below 

To clear the center frequency repositioning mode for faster screen 


rewriting, press (eer) (i) (ey keys. Center frequency 


SHIFT LABEL 
repositioning will subsequently not occur (Drift cancel OFF). The 


center frequency repositioning mode will be restored by operating 


aa eS) keys or (se) key. (Drift cancel ON) 
SHIFT LABEL MASTER 


RESET 
If the center frequency repositioning mode is desired for a center 


frequency and frequency span other than those given above, operate 


er} } eG cere. The center frequency will be 


SHIFT LABEL 
repositioned for each sweep. If, at this time, the CENT. FREQ., 


FREQ. SPAN, or MASTER RESET key is pressed, the analyzer returns 
into the original center-frequency repositioning mode, in which 
center frequency repositioning occurs only for the center 


frequency and frequency span ranges specified in above item 1. 
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4-21. 


OCCUPIED BANDWIDTH DISPLAY (OPTION) 


This option performs necessary operations to determine the occupied 

bandwidth from the displayed data on the TR4172. The operations are 

performed as follows: 

There are 1001 points of data on the frequency axis of the TR4172's 

display. If the voltage of one of the points is assumed to be Vn, the 

total power P of the signal response on the display is determined by: 
1001 

P= Ds ae (R: TR4172's input impedance) 


If the sum of the power between the first (leftmost) and X'th points on 
the frequency axis is 0.5% of P, then we obtain: 

X 
0.005P = Dy 


Rae 
If the sum of the power between the first (leftmost) and Y'th points on 


Va 
R 


the frequency axis is 99.5% of P, we obtain: 


ng 


0.995P = >, 
n= 1 
We determine X and Y from the above three equations, then determine the 


Vn 
R 


occupied bandwidth (OBW) from the following equation along with 


£ : 
requency span f SPAN 


ESPAN (Y - xX) 
el tm 1001 


The OBW display procedure is described below. 

(1) Select the WRITE A mode and display the desired signal response 
trace in the center of the screen. Set the vertical scale to 
10 dB/div. and leave all marker inactive. 


(2) Press the VIEW A key to hold the display, then press 


[ind ea) = . The occupied bandwidth operation will be 
SHIFT LABEL 


initiated. Upon the end of the operation, two markers will appear 
at points X and Y mentioned above to indicate the calculated 


occupied bandwidth. 
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(3) 


(4) 


(5) 


cam ees) (28) 


VIEW 


=a) 
= 


SHIFT 


(6) 


Operation of the MARKER key will display the occupied bandwidth 
readout at the top left corner of the screen together with 
indicator "OBW''. The marker frequency readout at the top right 
corner of the display shows the frequency at the right-hand side 
marker. 


To obtain the relative value readout of the total spectrum power, 


Br Gsharx 10° to Ihr 10/3 


press the SHIFT key. 


), in the top display area of the screen, 
If the MKR OFF key is pressed, the display and readouts pertaining 


to occupied bandwidth disappear from the display and the TR4172 


returns to the normal measurement mode. 


SHIFT LABEL 


[10dB KR. ——s«100.0524 the 
 00121745723447.76 


Occupied bandwidth data can be obtained with less error by setting 
resolution bandwidth to 1/200 of the frequency span or less. 
And maximum value or average value of the occupied bandwidth can 


also be measured by using MAX. or AVG. mode concurrently. 
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4-22. HELP MODE 


No specific panel inscription or indicator is provided for the double 
shift function for which a specific key is pressed after ee] and 


A SHIFT 
( keys are operated. 
HELP 


LABEL 


Operation of ea selects the HELP mode, in which the display 
SHIFT 


provides a listing of the above double shift key functions on the 
screen. 

Note that when the instrument is set up in the state in which only the 
specific key operation can be entered in the mode such as ALTERNATE 
SWEEP or LOG. DISPLAY, the HELP mode cannot be activated. 


Reset the mode to the normal measurement mode to activate the HELP mode. 


HELP 


DOBLE SHIFT FUNCTIONS QOLBLE SHIFT FUNCTIONS 
SHIFT od be — 2 Oe a <OPT> 
ee | 2 <0PD 
y REC. OR PLOT <OPT> 


DRIFT CANCEL OFF 
INT. STD. OUT ON 
“INT. STD. OUT OFF 


z’ QP OFF <OPTD. 
425% LOG DISP 

*BACK SPACE’ ERROR CORRECTION CLEAR 
ta’ SPUE ALTERNATE 

“9? SAUE ALTERNATE — 


Pressing [Ju or (ize key clears the list and the analyzer returns to 
HOLD BACK SPACE 
the normal condition. 


Appendix A-1 lists the pages containing descriptions of each double 


shift function. 
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Appendix A-1 lists the pages containing descriptions of each double 
shift function. 


4-23. MEASURING ADJACENT NOISE LEVEL OF OSCILLATION BY AVERAGING 


This paragraph describes how to measure the adjacent noise level for 
90 MHz oscillation by using the averaging feature (p4-52). The adjacent 
noise analysis range is assumed to be +50 kHz of the oscillation 
frequency. 
(1) Connect the output of a 50 MHz oscillator to INPUT-1 on the 

TR4172 as shown in Figure 4-1. 


TR4172 


5OMHz Oscillator 


“50 9DO000p 
ao Fooc 
0 mo Yooo 
==} BS oo Oooo 


MI-02 (BNC-BNC cable) 


Fig. 4-1 Measurement setup 


NOTE 


1) When the oscillator output is directly coupled to 
the TR4172 input, the output frequency may be 
subject to change due to the input capacitance of 
the TR4172. If this occurs, use a probe with a 


smaller cable capacitance for the input connection. 
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(2) 


2) The maximum allowable input level to the TR4172 is 


+20 dBm when the input attenuator is set at 20 dB or 
greater. 


Be careful not to apply an input level exceeding 


+20 dBm. Use an external attenuator if necessary. 


While the TR4172 is in the initial default state (immediately after 


MASTER RESET key operation), prepare it as follows: 


(a) 
(b) 


(c) 


(d) 


Set the center frequency to 50 MHz. 

Set the center frequency span to 100 kHz to accommodate the 
analysis range of +50 kHz. 

Set the reference level. For example, if the input signal 
level is -20 dBm, set the reference level to -20 dBm. 

The sweep span, resolution bandwidth, video bandwidth, and so 
forth are automatically set to the optimum values according to 
the selected frequency span, since the AUTO mode is in the 
initial default selection. If, for example, desire manual 


é kHz 
selection for those parameters, press E23 +aBm to 


msec 
RES. BW 
set resolution bandwidth to 1 kHz. Once the manual mode is 


selected for a parameter, the lamp in the relevant parameter 
key comes, on. In this case, the resolution bandwidth is 
fixed to 1 kHz. Note that the resolution bandwidth remains at 


1 kHz if the frequency span is subsequently changed. 
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REF -20.0 dBm ATT 10 dB 


fool FO 
FREQ. 

aN 

SPAN 


kHz 
+dBm 
msec RBW 
1 kHz 
ca 
1 kHz 
SWP 10 s SPAN 100 kHz CENTER SO.000 MHz 


(3) Repeat averaging 32 times 


REF -20.0 dBm — ATT 10 dB 
Ee 
AVR 
Hz 
—dBm 
usec 
RBW 
1 kHz 
SAMPLE 
VBW 
1 kHz 
SWP 10 s SPAN 100 kHz CENTER SO.000 MHz 


& = 79 


(4) Activate a marker am measure the adjacent noise level (for example 


20 kHz apart from the signal response). 


a] REF -20.0 dBm ATT 10 dB MKR 50.0200 MHz 
a er sil LiL ia (al 
or 
es kia 


1 kHz 


VBW 


SWP 10 «6 SPAN 100 kHz CENTER SO.000 MHz 


The marker will move one horizontal division on the scale each time 
the stop key is pressed. In this example, operating the step key 


twice. 


captures the maximum peak of the displayed signal 


; 
‘| 


response trace. 


positions the reference level at the level identified by 
MKR = REF, 
the marker (disabled during averaging). 


(ama, specifies the frequency identified by the marker as the 


center frequency (disabled during averaging.) 
NEG. PEAK S. 
captures the minimum level of the displayed signal 
SHIFT 
response trace. 


(5) If you wish to measure adjacent noise level (noise/Hz), press 
NOISE/Hz ON 


| eee) . This provides for bandwidth conversion for an ideal 


SHIFT 
filter and level compensation for the logarithmic amplifier by the 


P S ; ; nt. 
internal CPU, thereby permitting precise measureme Saee te ore 


To return to the normal measurement mode, press = ° 
SHIFT 
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REF -20.0 dBm ATT 10 dB MKR 50.0200 MHz 


SHIFT AVR 


1 kHz 


SWP 10 8 SPAN 100 kHz CENTER 50.000 MHz 


4-24. EVALUATION FOR TR4172'S DYNAMIC RANGE BY TWO-SIGNAL RESPONSE 


This paragraph shows an evaluation example for the TR4172's dynamic 
range based on its two-signal response (intermodulation distortion 
characteristic between the fundamental signal and the 3rd harmonic). 
(1) Connect the outputs of two signal generators to the input of the 
TR4172 via a two-signal measuring pad (two-signal branching unit) 
(See Figure 4-2). When setting the SG output level, the insertion 
loss (approximately 6 dB) of the branching unit should be taken 
into account. If you set the outputs of the two SGs at the same 
frequency, note the maximum allowable input level of the TR4172 
(+20 dBm). 
It will help if you have prior information about the 
signal-to-noise and carrier-to-noise ratios of the two signal 


generators used. 
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Signal Generator 2 


Signal Generator l 


BNC-BNC 
Cable 


BNC-BNC Cable BNC-BNC Cable 


Fig. 4-2 Measurement setup 


(2) Set up signal generator output frequencies. In this example, 
Signal generators A and B are set up respectively for 91 MHz and 
92 MHz. 

(3) With the TR4172 in the initial default state, prepare it as follows: 
Center frequency: 91.5 MHz (middle of the two SG output frequencies) 
Frequency span: 5 MHz 
Reference level: 0 dBm 

(4) If the noise level is too high, manually narrow resolution 
bandwidth (initially set at the AUTO mode). Note, however, that a 
resolution bandwidth set too narrow will make the sweep time too 
long. 

(5) Execute averaging if needed. When executing averaging, select a 
number of averaging repetitions (such as 8 or 16) fewer than the 
initial averaging number setup of 128 because this number will make 
analysis t time too one 


(vee) a [a ] (Initiates 8 repetitions of averaging 
SHIFT 


sequence.) 


LE = 4 


) S2e8 

>t be etgis 
jms 

i: 42.9 

vioes 

io x ayer 

) slovg | eumtemetall 
4 séi is 

(3h Ais st 

baad s5samiones 


» ARs 


i grigstsva love: 


™ . wncolittvers: guigatete 30 seteur 
oo vaduugs geigeyees Je izaes 


cf) 


(6) The TR4172 has a display dynamic range of 95 dB. Adjust the 
reference level (while reducing the SG output levels) to search for 


the maximum sensitivity. If necessary, adjust the input attenuator 


as well 


CENT. REF -10.0 dBm ATT OO dB MKR 4 2.025 MHz 
JIC] See Tes 
MHz AVR 8 
ES : 
sec 
= eon) 
SPAN a 
RBW 
30 kHz 
| [oJ] | tate | sane 
LEVEL msec 


VBW 
10 kHz 


i 
SWP 80 ms SPAN 5.0 Mhz CENTER 91.50 MHz 


(7) Read the difference between the input level and distortion level 
with the delta marker (see Figure 4-3). 
The two-signal characteristic represents the intermodulation 
distortion between the fundamental wave and the 3rd harmonic. It 
implies the anti-saturation characteristics of the mixers or 


amplifiers used in the spectrum analyzer. 
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Fig. 4-3 Two-signal characteristic measurement 


The intersection of the fundamental wave and the 3rd harmonic 
distortion is called the intercept point. It is expressed by an 
absolute value of the input such as XX dBm. 

To determine the intercept point from the measured data, use the 


following formula: 


Bee Be , A = Two-signal input level (dBm) 
2 


Spurious level (dBm) 


Input level (dBm) 


In the above example, the intercept point of the TR4172 is +20 dBm. 


¢ 


4-25. SIMULTANEOUS MEASUREMENT OF THE 2ND AND 3RD HARMONICS OF A RADIO 
TRANSMITTER 


This paragraph describes simultaneous measuring procedure for the 


fundamental, 2nd harmonic, and 3rd harmonic outputs of a 144 MHz radio 


transmitter. 
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(1) Apply the output of the transmitter to the input of the TR4172 


Spectrum Analyzer via the TR1625 RF Coupler (see Figure 4-4). 


TR1625 RF Coupler has an attenuation level of 40 +l dB over a 


frequency range between 0 MHz and 1000 MHz. If the output power of 
the transmitter is 10 W, it is attenuated to 100 W/50 2 (-10 dBm) 


when 


applied to the input of the TR4172. 


Dummy Load 
TR1625 (Power Meter etc.) 
RF COUPLER 


oO ( 
} Oo 0 
88 colesco 


? Input-1 


Fig. 4-4 Measurement setup 


(2) When the analyzer is in its initial default state, set the center 


frequency to 144 MHz, frequency span to 50 kHz, and reference level 
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(3) 


(4) 


CENT. 
“MHz 
=* 
sec 


FREQ. a 
SP 


kHz 


+aBm 
msec 
LEVEL 
H2 
—dBm 


Since the WRITE A mode is the initial default selection, the 


fundamental response trace is stored in trace memory A. Transfer 


this trace information into memory A' by pressing 
A= A’ A’ VIEW SHIFT 


Next, double the center frequency setting to observe the 2nd 
harmonic in the transmitter output. If the center frequency step 
Size is set to 144 MHz, the center frequency will be multiplied in 
an integral sequence (double, triple and so on) each time the STEP 
UP key is pressed. Use trace memories A, A‘, and B to superimpose 


higher harmonics on the fundamental response trace. 
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(5) Press the WRITE B key. 
the VIEW (still) mode. 
display B. 


Oo] REF -10.0 dBm 
WRITE : yee 


10 dB 


CENTER 


Memory A will be automatically placed in 


Observe the 3rd harmonic response on active 


432.0000 ye a 
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“a ae 


(6) 


(7) 


The three signal response traces are now simultaneously available 

on the screen. If you also wish to observe the 4th response trace 
press the B B' key to store the 3rd harmonic response into memory 
Be, then store the 4th response into the active trace memory B. 


To clear the fundamental response trace from the display, press 
A’ BLANK 


reel - Other response traces can also be cleared from the 


SHIFT 


display with similar operation. 
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4-26. INTERNAL STANDARD OUTPUT ON/OFF 


When chef ].( | : and[ 7 | keys are pressed sequentially, the 10 


SHIFT LABEL 
MHz standard oscillator output is output from the INT. STD OUTPUT (J4) 


connector at the TTL level. 
Measure this. output with a more precise counter or frequency standard 
and comparator, then adjust it with the STD ADJ. control to accurately 


set the output to 10 MHz. 


Pressing the[_], (Gat and keys sequentially will cut off the 


: SWIFT LABEL. 
internal reference oscillator output. This output is cut off when this 


instrument is initialized by power on operation or by pressing the 


MASTER RESET key. 
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4-27. ADJACENT CHANNEL LEAKAGE POWER ARITHMETIC OPERATION SOFTWARE (OPTION 06) 


The data on trace A measured by TR4172 is divided into 1001 points on 
the frequency axis, the power equivalent to the width specified by the 
delta marker is integrated, and the ratio of the integration result to 
the total power is displayed on trace B. 

When Pn is the power between each points on screen A, total power P is 


obtained from: 


1001 


Pee yh amn 


n=] 


When AX is the width of a delta marker, data Paps on screen B after 
arithmetic operation is obtained from: 
n+AX/2 
Pao Pn 
n-AxX/2 
Paps = 10 log 
p 
Two methods for integration by the AX width can be selected: ideal 
filter (AX width) and trapezoidal filter (ratio of 90 dB/6 dB is set in 
the range of 1.0-9.99). 
The adjacent channel leakage power arithmetic operation procedure is as 
follows: 
(1) Measure the waveform on trace A. 
(2) Press the VIEW A key to freeze the trace. Specify the 
integration width by the delta marker. 


(3) Operate [pase] ’ ae , and keys. 
SHIFT LABEL 
(4) Press the key for integration by an ideal filter. Press 


the key for data only. The ratio (dB) of the adjacent 


Channel leakage power to the total power at the first marker is 
displayed under ADJ. The frequency at this point is displayed on 
the upper right of the CRT screen. 


(5) Press the [4] key for waveform integration by a trapezoidal 


filter. To obtain the dB value, press the [5 ] key, then select 
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(6) 


(7) 


(8) 


the ratio of 90dB to 6 dB. 


When the Es key 1s pressed, the ratio is 2.24. 


When cite; ee| Keyaterpressed, the ratio is 1.75. 
When the key 1s pressed, the ratio is 1.66. 


When the key is pressed, any ratio may be set in the range of 


1.0-9.99. 
In this case, input the value of 100 X[90dB/6 dB] by the DATA key- 


Hz 
board, then press the key. 
usec 


The operation time is prolonged as the delta marker width 


increases. Sometimes, it takes more than one minute. 


; CENT. FREQ. REF. 
When tre[_] key 1s pressed, or 5 , keys are 
MKR 


operated, the ordinary measurement mode is selected. 


If the [et and keys are pressed after pressing the Ee 
VIEW 


MARKER MKR OFF 


key, the marker is moved to the integration waveform on trace B. 


Thus, the ratio (dB) to the total power at any marker point can be 
REF. OFFSET 


read. In this case, press. the ee) and | R&. | keys, input the 
SHIET LEVEL 


offset value, and then set the reference level to 0 dB, because the 
integration waveform is drawn with reference to the total power. 
Accordingly, if the reference level is set to 0 dB including the 
offset, the value at the marker can be read out directly. When an 
integration waveform is drawn, the waveform on both ends of the 
display become zero waveforms (approximately 1/2 of the integration 
width). 

If the instrument is equipped with both of occupied banwidth 
display (option 04) and adjacent leakage power arithmetic 


Operation (option 06), occupied bandwidth can be measured by 


key again. 
It also can be measured by pressing eee key after the 
MARKER 


measurement of adjacnet leakage power arithmetic operation. 
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4-28. 


6) awe & the{ okey is pressed before selecting the ordinary 


\ 


4 
measurement mode by pressing the(_Jukey, the integration trace 
MKR OFF 


can be plotted directly by TR9831 or TR9834R plotter. 


Note) "ADJ" displayed on the CRT means adjacent. 
X-Y PLOTTER INTERFACE (OPTION 07) 


This option is a software program allowing connection to the Hewlett 
Packard Model 9872A/7470A/7225A Plotter. This option must not be used 
together with option 03; however, combined use with other options is 
permitted. Read the instruction manual for the purchased plotter before 
connecting a plotter to the TR4172, switching the plotter power on, or 
setting the pen. Set the 9872A address to "5", and other plotters' 
addresses to "listen only". The X-Y plotter interface operating 


procedure is as follows: 


(1) Display the waveform (Smith chart) to be plotted on the TR4172 CRT 
screen. 


(2) Operate the [-——-}; Fs-|; and keys to load the program. 
SHIFT 


LABEL 
(3) The following is displayed on the CRT: 


9872A ra PY 7470A : ‘'2' 
ee Siw is oo OUDTS (90. 4 


Press one of the(-4_], [2]. Or key according to the type 


of the connected plotter. 


areche key is pressed, the state before program loading is 


restored. 
If the message above is not displayed instantly, 
" ERROR PLOTTER DOWN OR ADDRESS SW. IS NOT "5" OR CONNECTER 
DRAWN OUT RERUN OR QUIT 1OR.O CS 
is displayed approximately 5 seconds later. If this message is 
displayed, check if the plotter is powered on, plotter's address 


switch is set to "5" or "listen only", and connector is properly 
connected. To execute the plotter program again, press the{ 1 | 
key. If the ES key is pressed, the state before program loading 
is restored. 
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(4) Then, the following is displayed on the CRT: 
j MIR ie SS fe OF ND Ea a Ag 
OU LT mur mee 3. 


To plot all data on the CRT screen, press the(_1 ] key. To 


display only the waveform, press the key. 


If the[ 3 | key is pressed, the state before program loading is 
restored. 


In the Smith chart list mode, plotting starts without displaying 


the above message. 


(5) Then, the characters, which were displayed in the center of the 
left half of the CRT screen (active area) before program loading, 


are displayed again and plotting starts. 


Table 4-5 Pen numbers 


TRACE "A" TRACE "B" 


CAUTION 


The waveform in the LOG. DISPLAY mode cannot be plotted. 


(6) If the ee pressed. while_-the: plotter is running, plottting 
SHIFT 

is forcibly stopped and. plotter selection menu is displayed on the 

CRT. ~Change the plotting paper and follow the operaiton procedures 


from item (3) again. 
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4-29. N dB DOWN WIDTH MEASUREMENT 
4-29-|. Specification 


Displays two markers at the level N dB below the preset marker on the 
waveform; and displays a frequency differences between the two 
markers or their frequency differences with respect to the center 


frequency, and the frequency and amplitude level of the left marker. 
4-29-2. Operating Procedures 


(1) This mode can be used when the vertical scale is in the 
logarithmic scale of 10 dB/div to 1 dB/div. 
(2) Set the waveform in the VIEW mode to freeze it. Display a 


regular marker and move it to the desired peak. 


REF -10.0 dBm ATT 10 dB 214:61 MHz 
2 dB/ 
Eee 
VIEW 
MARKE 
214.6 
MARKER PEAK SEARCH AS 


JCS ESS 
voli alla 


SWP SO ms SPAN 32 MHz CENTER 210.0 MHz 
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(3) Press ays el [tsi and (ara) keys in this order. This 


SHIFT 
option program is ‘loaded and chia? mode becomes active. "dB 


DOWN". is displayed in the active function area at the middle 
left of the CRT. 


If this key operation is performed when the regular marker is 
not displayed or when the delta marker is displayed, the 
analyzer enters the NEXT PEAK mode. 


REF -10.0 dBm ATT 10 dB 


~~ CaaS ae 
=e pe os NE DA PG 
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Ma wae es 


SHIFT LABEL 


MARKER 


C 


SWP SO as “ SPAN 32 MHz ENTER 210.0 MHz 


(4) Enter a down level from the peak using the DATA keyboard. 
Acceptable data is from 0.1 dB to 99.9 GB. 


(Example) 
Fo) EE? Pe 10.51 dB 


(5) Press the ye Or pe key. A marker is displayed at the 


msec 
right and left side points on the waveform N dB (input value) 
below the preset marker. 
A frequency differences between the right and left markers is 


displayed in the active function area at the middle left of the 


MHz 
CRT when the key is pressed, 
sec 
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REF -10.0 dBm ATT 10 dB 206.96 MHz 


3 AT: eee 
RBW 
300 kHz 
VBW 
10 kHz 
SWP SO me ; SPAN 32 MHz CENTER 210.0 MHz 


and a frequency differences of the left marker (headed by "L") 


and right marker 


(headed by "R") with respect to the center 


kHz 


frequency when the +e key is pressed. 


kHz 
+dBm 
msec 


REF -10.0 dBae ATT 10 dB 206.96 MHz 
3 

R 5.69 

ty =5. 10 

RBW 

300 kHz 

VBW 

10 kHz 

SWP SO ms SPAN 32 MHz CENTER 210.0 MHz 


In both cases, the frequency and amplitude level of the left 


Marker are displayed in the marker area at the upper right 


corner of the CRT. 
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4-29-3. 


"ERROR" is displayed in the active function area when an entered 
value is beyond the required size (0.1 dB to 99.9 dB) or when 
the waveform does not exist at the level N dB below the preset 
Marker. In such a case, repeat the operation from step (4) 
again. 
(6) Operation from step (4) can be repeated. 
(7) The following three ways are available to exit from this mode: 
o Press the ee key. Execution exits from this mode with the 
marker ofp 
o Press the (Cee Execution exits from this mode with the 
central Oed eCREREED to the normal marker. 
o Press the ‘key. Execution exits from this mode with the 
right and left Markers changed to the delta markers. 
When a function key other than the above is pressed, execution 
exits from this mode. In this case, however, the Raerer is not 
Cleared. So, press the ened key to clear the marker after 
setting this mode again. mata ate 
To set N dB DOWN WIDTH mode after exiting from this mode, start 


from the beginning. 
Operation by GPIB 
The remote operation by GPIB is performed accordingly, by 


programming codes corresponding to the panel keys operated in 


the manual operation in the same order. 


4- 97 


i> ‘a bs ya igesie 


iy’ ry 
‘ _ 7 ; 
4 pe: ef? Gagyeel oie~ 
J 
levoi att’ Jp Selse ton oem senile ett 
we Ad 3eer ne y» Neee as «teesae 


s@) 04 
e3 @ \) (ete aprst, ootgaaae. (6) 
an’? cotwLiey ed? (i) 
| ee -awrt 2 
‘ A.t.m 
| an! et038' o 
rt ISS 368 1789 


i oe “is OR 
iD «if @iigapeqe if 
Pt fi ,® @fenes art 


A SFO? POD) 
ii o 990 Jena en 


4-30. 


4-30-1. 


4-30-2. 


NEXT PEAK SEARCH FUNCTION 


Specification 


Displays positive peaks in descending size order, negative peaks in 


ascending size order, or positive and negative peaks in left-to-right 


Order in the section specified on the waveform by the delta marker. 


Operating Procedures 


(1) 
(2) 
(3) 


(4) 


Set the waveform in the VIEW mode before using this mode. 
Specify the section to be measured by the delta markers. 
Press the ; , and keys in this order. This 
SHIFT LABEL MARKER ‘ : 
option program is loaded and this mode becomes active. 
The following messages are displayed in the active 
function area at the middle left of the CRT: 

POS. NEXT: 'R' 

NEG. NEXT: 'S' 

LEFIO NEAL Te" 
If this step is performed with no marker displayed, a marker is 
displayed at the right and left ends of the trace. Then, these 
two markers become the delta markers. 
If this step is performed with the regular marker displayed, the 
analyzer enters the N dB DOWN WIDTH mode. 
When the alk key is pressed, a marker is displayed in the 
position of the maximum positive peak in the section specified 
by the delta markers, and its frequency and amplitude level are 
displayed. 
Then, every time the (ee: key is pressed, a positive peak in 

PEAK SEARCH 

the section specified by the delta markers is displayed in 
descending size order. The place of a displayed peak in a 
series is displayed in the active function area. 
When the([ s key is pressed, a marker is displayed in the 
position of the minimum negative peak in the section specified 
by the delta markers, and its frequency and amplitude level are 


displayed. 
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(5) 


(6) 


Vv 


Then, every time the key is pressed, a negative peak is 


PEAK SEARCH 
displayed in the section specified by the delta markers in ascending 
size order. The place of a displayed peak in a series is displayed 
in the active function area. 

When the(2 jr key is pressed, a marker is displayed in the position 
of the leftmost peak in the section specified by the delta markers, 
and its frequency and amplitude level are displayed. 

Then, every time the VY key is pressed, peaks in the section 
specified by the pete aunarkere: both negative and positive, are 
displayed in left-to-right order. The place of a displayed peak in a 
series of positive or negative peaks--"+N" or "-N"--is displayed in 
the active function area. 

To exit from this mode, follow the procedure outlined in step (6) of 
Paragraph 4-29 "N dB DOWN WIDTH MEASUREMENT". 

To obtain, for example, the maximum positive value by using this 
program, point a where the slope of the waveform exceeds AY/AX is 
obtained. Next, point d of a slope of -AY/AX is obtained. Then, the 


Maximum value between these two points is obtained. 


The initial values of AX and AY are 20 and 5 points respectively 
for a CRT resolution of 1001 x 1001 points. By changing AX and 


AY, the sensitivity of peak detection can be changed. 
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4-30-3. 


Hz 
For instance, the entry " es [o ] S| from the 


usec 
DATA keyboard sets AX to 30 points. The entry " [sk 


Hz 
coy} sets AY to 20 points. 


The number of points, both AX and AY, can be set within the 1 to 
255 range. 


Operation by GPIB 


The remote operation by GPIB is performed accordingly, by 
programming codes corresponding to the panel keys operated in 


the manual operation in the same order. 
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s) 4-31. START/STOP FREQUENCY SETTING 


In addition to setting the center frequency and frequency span, this 


device sets start and frequencies by pressing (_}. [> }. [2 }- In 
SHIFT 


this mode,. the switch is used to set the start frequency and 
the switch is used to set the stop frequency. The setting 


resolution of the frequency difference between the start and stop 

frequencies is the same as the one set in the normal center frequency 

and frequency span setting modes. 

By pressing either the MKR*CF switch or the SIGNAL TRACK switch in 

the start/stop frequency setting mode, the stop frequency display in 
9 the lower right corner of the screen is changed to the center 


frequency display. 
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SECTION 5 
TRACKING GENERATOR OPERATIONS © 


5-1. OPERATING TRACKING GENERATOR 


oD, 
(2) 


(3) 


(4) 


(5) 


(6) 


Press the POWR switch to the ON (in) position. 


Set up the analyzer for the following conditions: 


Center frequency 900 MHz 

Frequency span 1800 MHz 
Reference level -10 dBm 

Resolution bandwidth 300 kHz 

Input attenutator 10 dB 


Press the T.G. key to activate the tracking generator; the 
indicator lamp just above the key lights. 

The T.G. LEVEL key, when pressed, enables output attenuation level 
for the tracking generator to be controlled in 10 dB steps using 
the DATA step keys. 

Press the T.G. LEVEL key and set the tracking generator's output 
attenuator to 10 dB using the DATA step keys. 

Connect the TRACKING GENERATOR OUTPUT connector to the INPUT 
connector with a coaxial cable. The CRT display will present a 
through frequency response. 

Disconnect the coaxial cable from the INPUT connector and then 
reconnect it to the input of the device under test. 

Press the T.G. LEVEL key and set the tracking generator's output 
attenuator to an appropriate level between 0 dB and 50 dB. The 


output impedance of the tracking generator is approximately 50 2. 
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Connect the output of the device under test to the INPUT connector 
of the analyzer using another coaxial cable. The input impedance 
of the analyzer is approximately 50 2. 

The noise level can be lowered and hence a broader dynamic range 
can be obtained by narrowing the IF bandwidth using the RES. BW 
key. Note, however, that a resolution bandwidth reduced below 
100 Hz can cause a tracking error (deviation of tracking 
generator's output frequency from analyzer's tuning frequency), 
which eventually results in a level error. Im this case, adjust 
the displayed signal level to the maximum with the T.G. FREQ. ADJ. 
control. Set the frequency span to 10 kHz, sweep time to 
relatively long, and step down resolution bandwidth from 300 Hz to 
100 Hz, 30 Hz, and 10 Hz while adjusting the T.G. FREQ. ADJ. 
control until the maximum signal level is obtained. 


; OFF 
To disable the tracking generator, press Rapes ; the 


_ SHIFT 
indicator lamp above the T.G. key will go off. 


FREQUENCY RESPONSE COMPENSATION USING A DISPLAY LINE 


This paragraph describes frequency response compensation for the 


spectrum analyzer itself or an interconnecting cable (for filter 


response measurement, etc.) by using the TRACE function and a display 


line. 


Compensation Using the SHIFT and MHz Keys 


(1) Press the WRITE A key to place the anaiyzer in the WRITE A mode. 


(2) Disconnect the device under test from the measuring setup and 


connect the TRACKING GENERATOR OUTPUT connector to the INPUT 


connector of the analyzer directly with a coaxial cable. 


(3) Press the REF. LEVEL key and adjust the reference level with the 


DATA knob and/or DATA step keys until the through frequency 


response is lowered to the level shown in the following figure: 
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(4) Press the DISPLAY LINE key to activate a display line. 
Using the DATA step keys and DATA knob, position the display 
line close to the through signal response. 
A broader dynamic range can be obtained as the display line is 
positioned closer to the through signal response. 
| REF -11.5 Be AIT 10 @B 
DISPLAY LINE 


Se 


(5) Analyzer's frequency response compensation is accomplished by 


pressing the SHIFT and MHz keys as below: 
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(NORMALIZE) 


Gal MF-1.S em AT 108 
SHIFT _ 


The compensation procedure described in steps (1) through (5) 
above is an automatic version of the procedure using the B-DL+B 
and A-B+A keys which will be described in the following 
Paragraph. Therefore, the analyzer is placed in the A-B+~A mode 
after the frequency response compensation is completed and the 
indicator lamp on the A-B+A key lights. 

To disable frequency response compensation press the SHIFT and 
A-B>!:A keys to clear the A-B+A mode. Do not press [Gs] switch 


when this mode is used. het plle 


Compensation Using the B-DL->B Key 


(1) 
(2) 


(3) 


Press the WRITE B key to place the analyzer in the WRITE B mode. 
Disconnect the device under test from the measuring setup and 
connect the TRACKING GENERATOR OUTPUT connector to the INPUT 
connector of the analyzer directly with a coaxial cable. 

As described in paragraph 5-2-1, activate a reference level and 
display line, and position the display line close to the through 


signal response. 


(4) 


(5) 


Z 


DISPLAY LINE 


Press the B-DL~B key. The difference between the through 
signal response and the display line is written into memory B 
and then transferred to the CRT display. 

Memory B is placed in the VIEW B mode. 
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Press the WRITE A key and then A-B~+A key. 
Connect the device under test to the measuring setup. 
The frequency response is now compensated and displayed on the 


CRT. 


noens won 8). eases 


i~ Jt oct eae (8) 
ocr canoes Laie 
bert 2scett cee ie 
oilg ed € 9a 


ey bog _— 4 XUESH aes iver (£) : 
9 dse2 =ehaw re : 


(6) 
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(10) 


Clay 


It is advisable that the SHIFT and B BLANK keys be pressed to 


erase trace B from the display. 


Compensation for this frequency response is executed while the 


LED in the (> -} switch illuminates. This mode is called as a 


A-8=3A 
normalize mode. In the normalize mode, the (Gs) key 1s not 
WRITE 
usable, since normalizing operations are performed on data for 
each sweep using memory B. 
If the both display mode is desired while normalization is being 
performed, use memories A and A'. Note, however, that the 


previous contents of memory A' may be modified if normalization 


(NORMALIZE) 
using [a] and te is performed (see 5-2-1). 
SHIFT sec 


The contents of memory A' will not be affected if normalization 


is executed with the (PJ key (See 5-2-2). 


A-B=*A 
In the normalize mode, the alternate sweep feature is not 


available, since memory B is not usable. 
OFF 


Operation of [ies i) (Fas) clears the normalize mode, with the LED 
SHIFT A-B=@A 


in the key turned off. 
A-B=?A 
Before executing normalization, select BLANK A' & BLANK B' mode, 


or VIEW A' & VIEW B' mode. 
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IF QUARTZ FILTER MEASUREMENT USING TRACKING GENERATOR 


This paragraph provides on example of how to measure the insertion loss, 


ripple, 3 dB bandwidth, and attenuation of a communication purpose IF 


quartz filter using the tracking generator of TR4172. 


OH) 


(2) 


(3) 


Connection 


TR4172 


9 eso OUg550 
BB 90 Qo0c0 jh 


BNC-BNC BNC-BNC 


Cable Cable 
BNC-BNC BNC=-BNC 
Cab le Cab le 


Fig. 5-1 Connecting the filter to the analyzer 


Connection precautions 


(a) If the input and output impedance of the DUT are different 


from those (50-2) of the analyzer, use appropriate matching 


means to obtain impedance matching. 


(b) If sthesinsertion, loss. of ‘the filter is too great; insufficient 


measuring dynamic range may result. If this occurs, use the 


optional preamplifier at the input of the analyzer (option 02). 


Measuring procedure 


The following procedure assumes that the DUT is a bandpass filter 


having the following characteristics: 


Center frequency: 70 MHz 
Pass bandwidth: 25 kHz 


Insertion loss: Less than 5 dB 
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- Ripple: Less than +1 dB 


. Attenuation : More than 70 dB 


(a) 


(b) 


(c) 


(d) 


Set up the analyzer for 70 MHz center frequency, 100 kHz 
frequency span, O dBm reference level, and 10 dB input 
attenuator. (Note) 

Activate the tracking generator output and check the T.G. 
output level with the DUT disconnected as shown in Figure 5-1]. 
(b). The T.G. output level should be 0 dBm when the input 
attenuator is set O dB. 

Since the frequency span is 100 kHz, the display will show a 
horizontal straight line. However, perform normalyze as 


follows: 


Press ee) , then use LO] or DATA knob to position the 
DISPLAY LINE 


display line to an appropriate level near the top graticule. 


(NORMALIZE) 
Now press i) sy in the WRITE A mode to adjust the 
SHIFT sec 


response. 


If the normalizing should be cleared, press ama ae. 
SHIFT A-B—>A 
Connect the DUT as shown in Figure 5-1 (a). The insertion 


loss of the DUT is now read as the level difference between 


the marker point and display line. 


Note: In the above example, the insertion loss is defined 
at the center frequency. In some cases, it may be 


defined at the peak or average of ripple. 


Now the pass bandwidth of the DUT (3 dB down points both 
sides of the center frequency) is determined as follows: 
is Press[ | Car then use the Data knob to search for 


MARKER 4 
the 3 dB down point. 


2. When the 3 dB point is found, press [__J again. 
4 
3. Use the DATA knob to read the frequency at which the level 


is 0 dB. This frequency denotes the 3 dB pass bandwidth. 
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(e) Ripple measurement 


1. Press hae ae) to position the maximum peak of the 
PEAK SEARCH MKR =*REF. 


signal response to the reference level. 
10B/ Div. 


2 Press| | to change the vertical scale from 10 to 


SHIFT 


1 dB/div. 
Note: Clear the adjustment mode if it has been selected. 


jee ress ae : tec, » then use the DATA knob to read the 
PEAK SEARCH P 
difference between the maximum and minimum peak level. 


This difference denotes the ripple level. 
Peak search point 


A 


Minimum 


Fig. 5-2 Ripple level 


(f£) Attenuation measurement 
1. If the vertical scale was expanded through the above 


measurement, to 1 dB/div. for example, return it to 


100B/ Div. 


10 dB/div. Press airs (returns to 10 dB/div.) 


SHIFT 
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Note: If the insertion loss of the DUT is too great, the 
measuring dynamic range is reduced accordingly. To 
Maintain the dynamic range, use a preamplifier at the 
input of the analyzer. (See Figure 5-2.) Whether 
the preamplifier is to be inserted in the input or 
output of the DUT will depend on the condition of the 
DUT itself. The characteristics of the preamplifier 
(amplification factor, frequency response, noise 
figure, maximum input, VSWR, and input impedance) 


should be checked beforehand. 


The preamplifier (option 02) can be integrated in the TR4172. 
In this case, however, it cannot be inserted in the input of 
the DUT. 

If the T.G. output level is too high, it can be attenuated by 
up to 50 dB at 10 dB steps as follows: 


[8] (©) = fel fe] 


TR4172 


Adapter 


“™BNC-BNC Cable ~ 


Fig. 5-3 Connecting filter and TR4172 via preamplifier 
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2. Connect the DUT to the instrument. The following 
measurement information will be obtained for a band-pass 
filter (select an appropriate frequency span for this 


measurement): 


Lac SEARCH 


Using the delta ee measure the attenuation (X dB). 
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Fig. 5-4 BPF attenuation measurement 
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SECTION 6 
PHASE MEASUREMENT 


PHASE MEASUREMENT PROCEDURE 


This paragraph describes phase measurement procedure for amplifiers or 


filters. Before proceeding with phase measurement read SECTION 5 


carefully. 


oes: 


(2) 


(3) 


(4) 


(5) 


(6) 


Set center frequency, frequency span, resolution bandwidth, sweep 
time, and other necessary conditions. 

Connect the TRACKING GENERATOR OUTPUT to the input of the device 
under test (amplifier or filter), and connect the output of the 
device under test to the INPUT of the analyzer. Activate the 
tracking generator. 

Press the NORMAL key to measure the pass-band response of the 
device under test. According to the measurement result, select the 
appropriate T.G. LEVEL and INPUT ATT. level. 

Then press the PHASE key to select the phase measurement mode. The 
display will present measurement range XX°/ at its top left corner, 
and the indicator lamp just above the PHASE key will illuminate. 

In the Phase Measurement mode press the SWEEP TIME key to manually 
select the appropriate sweep time (the AUTO mode is programmed for 
amplitude measurement). 

For more precise phase measurement without the affect of phase 
error of the measuring system, disconnect the device under test 
from the measuring setup, then connect the input and output cables 
by using an inline plug adapter to check the phase response of the 
measuring system itself. 

If phase rotation is observed as shown in Figure 6-1, press the kHz 


G.D. OFFSET key to activate the electrical length. 
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Fig. 6-1 Phase in rotation 


Using the DATA knob or DATA step keys (DATA keyboard is not 
available for this adjustment), adjust the electrical length until 
a flat phase response is obtained. (See Figure 6-2.) When phase 
or group delay is activated, the MHz and kHz keys have the PHASE 
OFFSET and GROUP DELAY OFFSET functions respectively as named below 
the respective keys. Operation of the SHIFT key is not needed. 


kHz | 
+dBm 
msec 


REF -21.5 cB AIT 16 4B 


(G. 0. OFFSET) 


Fig. 6-2 Flat phase response 
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(7) For fine adjustment of the electrical length, press the G.D. OFFSET 
key again. This will activate the G DELAY OFFSET FINE mode to 


permit fine adjustment of the electrical length. 


kHz 
+dBm 
msec 


(G. 0. OFFSET) 


Fig. 0-3 Electrical length fine adjustment 
(8) Next press the MHz (PHASE OFFSET) key to activate phase offset, 


then position the phase response trace at the center of the 


vertical graticule. 


(PHASE OFFSET) 


O 


Fig. 6-4 Null phase offset 
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Verify that a straight line comes to the center of the vertical 
graticule as show in Figure 6-4. If the line is not straight, activate 


a display line, position it to the center of the vertical scale, and 


(NORMALIZE) 
press a ae to normalize the frequency response. 
SHIFT sec 


(9) Connect the device under test to the measuring setup, then press 
the PHASE key to start phase measurement for the device itself. 
Operation of the PHASE key will activate phase resolution. Using 
the DATA knob or DATA step keys, set phase resolution to the 


appropriate level. 


PHASE 


Fig. 6-5 Phase measurement 


Note that a higher phase resolution may cause an overflow if the 
device under test has a relatively large phase rotation. 

To observe phase variation, press the (G.D. OFFSET) key and then 
adjust the é¢lectrical length and phase response with the DATA 
knob. Press the PHASE key again. The phase variation is now 


enlarged on the display. 
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6-2. PHASE AND AMPLITUDE ALTERNATE SWEEP (SHIFT, H) 


SHIFT 


0. T. A. P. 


(eee) (a 


performs phase and amplitude measurements alternately and 


writes the results into trace memories B and A respectively and then 


transfers it to the display. 


When this mode is selected, the indicator lamps on the WRITE A, WRITE B, 


PHASE, and NORMAL keys light. D. T. OFF 


To disable alternate Sweep press aa ma A 


SHIFT HOLD 


The alternate sweep should not be activated when frequency response 


compensation using a display line in Section 5 is used. 
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Fig. 6-6 Phase and amplitude alternate sweep 


6-3. SAW FILTER PHASE RESPONSE MEASUREMENT 


6-3-1. Connecting a Saw Filter to the TR4172 


(1) 


(2) 


Connect the device under test (DUT: filter) across the tracking 
generator output and input connectors on the TR4172 as shown in 
Figure 6-7. 

In general, various types of SAW filter are available with 
input/output impedance of 50 2, 75 2%, 200 0,300 2, 1kQ, and 
more than 1 k2. Before measurement, use an appropriate measure 
to obtain impedance matching between the SAW filter and the 
instrument. A schematic diagram of the recommended matching 


network can be obtained from the manufacturer of the filter. 
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(3) A saw filter usually has a 20 dB insertion loss. To compensate 
for this loss, some filters contain an amplifier. If a filter 
with a self-contained amplifier is to be used, note the maximum 
output level of the tracking generator. 


(4) Use the shortest possible input cables. 


TR4172 


BNC-BNC BNC-BNC 


Cable Cable 
BNC-BNC BNC-BNC 
Cable Cab le 


Fig. 6-7 Measuring system setup 


Measuring Procedure 


(1) Set up the center frequency, sweep span, input condition, and 
other necessary parameters. 

(2) Disconnect the DUT from the cables and connect a shorting device 
as shown in Figure 6-8. 

(3) Press the kHz (G.D. OFFSET) key to obtain a flat phase 
response. If fine adjustment is required, press the kHz key 
again to select the G.D. OFFSET FINE mode and perform fine 
adjustment. 

(4) Press the MHz (G.D. OFFSET) key to position the phase response 
trace to the center of the vertical scale. 

(5) Connect the DUT instead of the shorting device, then press the 
PHASE key; the phase response of the DUT (filter) will be 
displayed. Display resolution can be increased with the DATA 
knob or DATA step keys (80, 40, 20, 8, ... 0.2 deg/div.). 
Figures 6-8 and 6-9 show respectively the amplitude and phase 


responses of the same filter. 
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Fig. 6-8 Amplitude response of a filter 
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Fig. 6-9 Phase response of the filter 


6-3-3. Phase Display Example 


(1) Figure 6-10 shows a phase response display example for a saw 
filter covering a frequency range between 50 and 60 MHz. The 
example shows that the phase lag increases with frequency. 

REF -10.0 dBm ATT 10 4B ia 4 ames poi 
ye foo ol le as 
bea! Ls ol ha nies 
RBW Phase Discontinuity 
30 kHz point 
VBW 
1 kHz 
-180° 
SWP 20 « SPAN 2.0 MHz CENTER 57.00 MHz 
Fig. 6-10 Phase response display example 
(2) The vertical dotted lines indicate discontinuity points on the 
: fe) fo) 
response occurring at +180 and -180 

(3) The center horizontal line (5 div. lines from the top graticule) 
indicates the zero phase. 

(4) Numeric readouts indicate measurement conditions. 

(5) This example shows the the filter has a phase lag of about 360° 


over about a gg80 kHz frequency band. For more precise 


measurement, use the delta marker mode. 


6-3-4. 


Usage of the Alternate Sweep 


ob: 


(2) 


v3) 


(4) 


(5) 


Connect DUT to the instrument. Press the NORMAL key and measure 
the amplitude response of the DUT to set up necessary 
measurement conditions. 

According to the procedure in 6-3-2, adjust electrical length 
and determine phase resolution. 

Use the DATA knob to select the shortest sweep time which does 
not affect the phase data. 


To obtain the amplitude and phase responses at the same time on 
0. T. A. P. 


the display, press Es) de 


SHIFT 
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To restore the normal measurement mode, press 3) eves 
SHIFT 


will place one of trace memories A and B in the write mode and 
the other in the view mode. To clear unnecessary information, 
place one of the trace memories in the write mode, and the other 


in the blank mode. 
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SECTION 7 
GROUP DELAY MEASUREMENT 


7-1. GROUP DELAY MEASUREMENT PROCEDURE 


This pharagraph describes group delay measurement procedure for 

amplifiers or filters. 

(1) Connect the TRACKING GENERATOR OUTPUT to the input of the device 
under test (filter or amplifier) and connect the output OFecne 
device to the INPUT connector of the analyzer. 

(2) Press the T.G. key to activate the tracking generator. 

(3) Press the NORMAL key to measure the pass-band response of the 
device under test. According to the measurement result, select the 
appropriate T.G. level and INPUT ATT. level. 

(4) The group delay response of the device under test can be observed 
by pressing the GROUP DELAY key. The display will also present 
delay time per vertical division as XX ns/ (or ps/ or ms/) in the 
top left display area. 

(5) For more precise group delay measurement without the affect of the 
group delay of the measuring system itself, press the WRITE A key 
to write the group delay response of the measuring system into 
trace memory A. 

(6) Then press the DISPLAY LINE key to activate a display line on the 
CRT, and use the DATA step keys and DATA knob to position the 


display line as close to the group delay response trace as possible. 
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(7) To clear the group delay of the measuring system press ly 
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Fig. 7-1 Clearing the measurement system group delay 


OFF 


To cancel this group delay clear mode, press [ ae 


(8) For still more precise measurement of group delay, We Ree 
(See 4-14-1.) 
After pressing the WRITE A key in step (5) above, press the SHIFT 
and k (AVG. ON) keys to initiate averaging. 


When the programmed number of averagings is reached, follow steps 
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(9) 


(10) 


(11) 


(6) and (7) above, then press the SHIFT and m (AVG. OFF) keys to 
disable averaging. 

To obtain a higher resolution in group delay measurement, press the 
GROUP DELAY key to activate resolution. 

Group delay resolution can be increased by turning the DATA knob 
clockwise or operating the UP DATA step key. The DATA keyboard 
is not available for resolution control. 

A too high resolution can cause overflow. If overflow occurs, 
press the G.D. OFFSET key to activate the electrical length and 
then adjust the electrical length with the DATA knob or DATA step 
keys to add offset to the group delay. 

During group delay measurement, press the PHASE key from time to 
time to check the phase response for overflow. Group delay will be 
indefinite on the overflow. 

If phase rotation is observed, press the (G.D. OFFSET) key and 
adjust group delay offset with the DATA knob or DATA step key until 
phase rotation is eliminated. 

If high-resolution measurement suffers from poor signal-to-noise 
ratio, press the VIDEO BW key to narrow the video bandwidth. For 
group delay measurement, manually select a relatively long sweep 


time, do not use AUTO mode. 


GROUP DELAY MEASUREMENT EXAMPLE 


This 


provides a group delay measurement example using a filter as the 


device under test. 


(1) 


Connect the TRACKING GENERATOR OUTPUT to the input of the device 
under test and connect the output of the device to the INPUT -1 of 


the analyzer. 
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(2) 
(3) 


(4) 


(5) 


Fig. 7-2 Normal mode signal response 


peers the T.G. key to activate the tracking generator. 
Press the NORMAL key to measure the pass band response of the 
device under test. According to the measurement result select the 
appropriate T.G. level and INPUT ATT. level (Figure 7-2). 
Disconnect the device under test from the measuring setup and 
connect the input and output cables using an inline plug adapter to 
check the through frequency response. 

The through phase response can be observed by pressing the PHASE 
key (Figure 7-3). 
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Fig. 7-3 Through phase response 


If phase rotation is observed, press the [G.D. OFFSET] key to 
activate the electrical length. Then adjust the phase response to 


flat with the DATA knob or DATA step keys (Figure 7-4). 


If the [_]: key 1s pressed under these setup, group delay offset 
AUTO 


value is set to 0 ps. Consequently, when group delay value at 
marker point is to be displayed, the value adding subsequently 
entered group delay offset is displayed at the active function area 
on the left side of CRT. 

Next press the (PHASE OFFSET) key to enable entry of phase offset. 
Position the phase response trace to the center of the vertical 


graticule with the DATA knob or DATA step keys (Figure 7-5). 
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Fig. 7-4 Elimination of phase rotation 
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Fig. 7-5 Positioning the phase response trace 
to the center of the vertical graticule 


Connect the device under test (filter) to the measuring setup to 


observe its phase response (Figure 7-6). 
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Fig. 7-6 Filter's phase response 


The group delay of the filter can be observed by pressing the GROUP 
DELAY key (Figure 7-7). 
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Fig. 7-7 Group delay measurement 


(10) To obtain higher resolution for group delay measurement, resolution 
for phase measurement must be increased. | 
Press the PHASE key to activate phase. To increase phase resolution 
turn the DATA knob clockwise. 
The phase readout (XX°/) in the active function display area will 


increase (Figure 7-8). 


Ol" 


Fig. 7-8 Increasing phase resolution 


(11) If phase overflow occurs in the pass band due to the increased 
phase resolution, press the (G.D. OFFSET) key to activate group 
delay offset. Then adjust the phase slope in the pass bandwidth 
with the DATA knob. 

(12) The group delay of the device under test can be observed by 
pressing the GROUP DELAY key (Figure 7-9). 

(13) For more precise group delay measurement, write the group delay of 
the through response into trace memory A at the same resolution 
(pages 7-1 and 7-2), bring the display line close to the through 
response trace, then press the SHIFT and. MHz keys to eliminate the 
the group delay of the measuring system itself. Use of the 
averaging mode ((8) on page 7-2) will provide still more precise 
measurement. 

(14) If a greater signal-to-noise ratio is desired, press the VIDEO BW 
key to narrow the video bandwidth. At this time press the SWEEP 


TIME key and select a relatively long sweep time. 
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Fig. 7-9 Group delay measurement 


A much greater signal-to-noise ratio will be obtained by selecting the 
averaging mode (press SHIFT and AVG. ON.) after connecting the device 


under test. 
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GROUP DELAY AND AMPLITUDE ALTERNATE SWEEP (SHIFT, M) 


SHIFT,M performs group delay and amplitude measurements alternately. 
The results are written into memories B and A respectively and then 
transferred to the display simultaneously. The indicator lamps on the 
GROUP DELAY, NORMAL, WRITE A, and WRITE B keys will light. 

To disable the alternate sweep mode press the SHIFT and w keys. 

The group delay and amplitude alternate sweep mode is usable together 

with the frequency response compensation mode (page 7-1) using the SHIFT 

and MHz keys. Followings are the measurement procedure example using a 

filter as the device under test. 

(1) Connect the TRACKING GENERATOR OUTPUT to the device under test 
(filter or amplifier) and connect the output of the device to the 
INPUT-1 connector of the analyzer. 

(2) Press the T.G. key to activate the tracking generator. 

(3) Press the NORMAL key to measure the frequency response, and select 
appropriate T.G. level and INPUT ATT. level. 

(4) Disconnect the device under test from the measuring setup and 
connect the input and output cables to check the through frequency 
response. 

(5) Press the DISPLAY LINE key to activate display line on the CRT, and 
use the DATA step keys and DATA knob to position the display line 
as close to the through frequency response as possible. 

(6) Press the SHIFT and M keys to specify group delay and amplitude 
alternate sweep mode. 

(7) If the SHIFT and MHz keys are pressed at this time, both response 
traces of amplitude and group delay are normalized. In this case, 
amplitude response trace is normalized on the display line and 
group delay response trace is normalized on the second lowest 
graticule line of the CRT, respectively. 

(8) Observe the device response traces of amplitude and group delay 


simultaneously. 
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Fig. 7-10 Group delay and amplitude alternate sweep 
7-4. APERTURE CONTROL 


In general, a higher group delay resolution can cause lower 
signal-to-noise ratio. However, group delay resolution can be increased 
without sacrificing S/N ratio by increasing aperture. Aperture means 4F 
in the group delay equation 49/4F. 


On the TR4172, aperture is normally set up as follows: 


errs 
Grae 1000 * frequency span 


Constant 24/1000 in the above formula can be increased up to 192/1000 at 


four steps as follows: 


dam 20 


(1) 


(2) 


(3) 


(4) 


5) 


Aperture control is possible only if group delay measurement 
resolution is not less than 4/( frequency span). 

Press the GROUP DELAY (APERTURE) key to make sure that the current 
resolution meets the above condition. 

Operation of the GROUP DELAY and Hz keys will activate the 
aperture. APERTURE 24 will be shown in the active function display 
area on the CRT to indicate that the current aperture is 


24 
To00 * (frequency span). 


If the condition, resolution < 4/(frequency span), mentioned in 
item (1) above is not satisfied, the aperture will not be activated 
and hence "APERTURE 24" will not appear on the CRT. 

Select the appropriate aperture from 24, 48, 96, or 192 with the 
DATA knob or DATA step keys. The numeric data keyboard is not 
usable for aperture selection. 

Once aperture is increased, resolution can be increased without 
sacrificing S/N ratio. 

For example, if the resolution is 100 ns/div. with the aperture 
24/1000, the resolution can be increased to 50 ns/div. by changing 
the aperture to 48/1000. 

As the aperture is increased, the effective range of the screen 
graticule is gradually reduced accordingly. 

This is because (aperture/2 - 12) points out of 1001 points on the 
frequency axis are lost at both side ends of the graticule as 
aperture is increased. 

When aperture is increased to 192, the effective range of the 
graticule is lessened by one division on each end of the graticule. 
Operation of the GROUP DELAY key will clear the active aperture 


mode and restore the active group-delay resolution mode. 
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During group delay measurement, the signal response trace on the display 

may produce spike noise as shown below. 

To eliminate this noise, either of the following methods may be used: 

(1) Select a sufficiently long sweep time. 

(2) Perform electrical length correction to eliminate discontinuity of 
the phase response. Now the ripple of relative group delay is 


measured. Note that an absolute delay time cannot be measured. 


Spike Noise 
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SECTION 8 
ATTACHMENT TO GP-IB AND PROGRAMMING SUPPORT 


INTRODUCTION 


The TR4172 Spectrum Analyzer is attached to the GP-IB (specified in IEEE 
Standard 488-1978) via the GP-IB interface (standard supply). This 
section describes the specifications and operations of the GP-IB 
interface. 


* GP-IB: General Purpose Interface Bus 


GP-IB OVERVIEW 


GP-IB enables interfacing of a measuring instrument with its controller 
or other peripheral devices through simple cabling (bus line). 

Compared with other interfacing methods, GP-IB provides better 
expansibility, operability and compatibility with other products both 
electrically and mechanically, thus enabling construction of various 
grades of instrumentation systems through a single bus cabling. 

In a GP-IB system, each system device on the bus must have its own 
address. Each device can be designated for one or two functions out of 
controller, talker, and listener functions. During system operation, 
only one talker may send data on the bus, while one of more listeners 
can receive the data. 

The controller designates talker and listener addresses to cause the 
talker to send data to the listener or cause itself (talker) to send 
measurement condition data, etc. to the listener. 

System devices are linked together with asynchronous, bidirectional bus 
(8 data lines), through which bit parallel, byte serial data is 
transferred. Due to its asynchronous nature, the bus permits attachment 
of both high-speed and low-speed devices at a time. 

Data transferred between devices includes measurement data, measurement 
conditions (programs), or commands all in ASCII character format. 

In addition to the 8 data lines, GP-IB includes three handshake lines to 
control asynchronous data flow between devices and five control lines to 


control information flow on the data bus. 
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The handshake lines transfer the following signals: 

Data Valid (DAV): Indicates validity of transferred data. 

Not Ready For Data (NRFD): Indicates data receive not ready state. 

Not Data Accepted (NDAC): Indicates the data receive completion state. 

The control lines transfer the following signals: 

Attention (ATN): Used to discriminate address or command data on the 
data bus from other information. 

Interface Clear (IFC): Clears the interface. 

End or Identify (EOI): Indicates the end of data transfer. 

Service Request (SRQ): Used by any device to request the controller for 

service. | 
Remote Enable (REN): Used to place a remote programmable device in the 


remote control mode. 


Eight data lines 


Three transfer contrpl lines 


Five bus control lines 
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Fig. 8-1 Concept of GP-B 


8-3. SPECIFICATIONS 
8-3-1. GP-IB Specifications 


Standard: IEEE Standard 488-1978 
Code: ASCII (binary code with packed format) 
Logical levels: 0 (HIGH): +2.4 V or more 

1 (LOW): +0.4 V or less 


Signal line termination: 16 bus lines terminated as shown below: 
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Driver 
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Fig. 8-2 Signal line termination 


Driver: Open collector output 
LOW output: +0.4 V or less, 48 mA 
HIGH output: +2.4 V or more, -5.2 mA 
Receiver: LOW at +0.6 V or less 
HIGH at +2.0 V or more 
Bus cable length: Total bus cable length should be less than 2 meters x 
(number of attached devices) and must not exceed 20 
meters. 
Address designation: Up to 3l talker and listener addresses can be 
designated with the rear ADDRESS switch. After 
address setting, operation of the MASTER RESET key 
is required. 
Connector: 24 pin GP-IB connector 


57-20240-D35A (Amphenor or equivalent) 
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[Signal Name Pn 
|GND Logic | 24 | 

GND. (SRQ) 22 | 
| GND. (NDAC) | 20° 
ereN Az) 
| pios | 14 
WEP DIO Sane &o| 16) 


Fig. 8-3 GP-IB connector pin assignments 
S32. Interface Functions 


Table 8-l Interface functions 


Source handshake 
Accepter handshake 


76 Basic talker, serial poll 
Unaddressed to talk if addressed to listen. 
Basic listener function 
Pennie to Ce i ana if addressed to talk. 
| SRL | Service SSR CEREeAREAY UW Ndeueiary Uoekines. 622 dev 
Soh Tae 
| PPO | No parallel poll function available. 
| Doo No device clear function available. 


Ping No device trigger function available. 
No controller function available. 
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GP-IB HANDLING OPERATION 


Device Attachment 


The GP-IB system consists of multiple bus devices. 


The following points should be noted: 


(1) 


Before making interconnections between the TR4172, controller, 
and peripheral devices, check the status and operation of each 
device. 

The length of interconnecting and bus cables should be the 
necessary minimum. The total length of the bus cable should be 
2 meters x (number of bus devices) and must not exceed 20 meters. 
The following standard bus cables are available from Takeda 


Riken: 


TR4172 spectrum analyzer complies with FCC radiation specification. 


Use of the following connecting cables is suggested to construct a 


GP-IB system with the TR4172 spectrum analyzer. 


(3) 


(4) 


Table 8-2 Standard bus cable (Accessories available) 


[iengeh] Name 
Pe [s0ee-10e 


Bus cable connectors are of "piggy-back" type with both male and 
female plugs combined for each connector; stacked use of up to 
three connectors is possible. 

After cable connectors are plugged to their mating receptacles, 
secure them with connector retention screws. 

Before powering each device, carefully check their power supply 
conditions, grounding and necessary settings. All devices 
attached to the bus must be turned on. If any one of the 
devices is left turned off, correct system operation will not be 


guaranteed. 
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8-5. TALKER FORMAT 


(1) Reading a marker frequency in marker mode 


uMKRUDDUXUDDDDDDD.DDD.uXXX CRLF 


Block delimiter 


Mode *l MHz 
Marker No. *2 Unit < kHz 
Marker mode Hz 


Data block (decimal point plus up to 10 digits 
of numeric data) 
(2) Reading a marker frequency in frequency counter mode 


CNTR DDUXUDDDDDDD.DDDUXXX CRLF 


Block delimiter 


Mode *1 MHz 
Marker No. ¥*2 Unit 4 kHz 
Frequency counter mode Hz 


and Tuned Amp. mode 
Data block (decimal point plus up to 10 digits 
of numeric data) 
*]1 Mode: "D" for delta mode 
"Z" for zoom mode 
"" for other marker modes 
*2 Marker No.: ul through 10. Im the single marker mode, marker 


number is " 


uu" (space codes). 

* Data block 
Data length is fixed to 25 bytes, and a decimal point is output 
to the position corresponding to that on the display. 
In either the marker mode or frequency counter mode, if the data 
block has nine or less valid digits, (10 - valid digits) of space 
codes are shifted to the top of the data block (preceding MKR or 
CNTR) before it is output. 

¢ Block delimiter 
A block delimiter consists of a two byte code of CR and LF. 


Single line signal EOI is also output upon output of an LF code. 
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(3) Reading marker levels 


sDDD.D CRLF 


Block delimiter 
Data block (sign + decimal point + up to 4 digits of numeric data) 
¢ Decimal point position corresponds to that on the display. Ina 
read data stream, positive sign is represented by a space (uv) 
code and negative sign is represented by a minus (-) code. If 
the data block contains three or less valid digits, (4 - valid 
digits) of space codes are shifted to the top of the data block 
before it is output. 
(4) Reading marker frequency data using the OA command 


DDDDDDD.DDD E+D CRLF 


Block delimiter 
Exponent (E + one numeric character) 

Mantissa (decimal point + up to 10 digits of numeric data) 
¢ The decimal point position corresponds to that on the display. 
Exponent: E + 6 = 10° (MHz ) 

E +3 = 10° (kHz) 
E +0 = 10° (Hz) 


PROGRAMMING SUPPORT 


The TR4172 Spectrum Analyzer permits remote control of all front panel 
functions, ranges, and settings from the GP-IB controller. This section 
provides some programming examples for remote control using the HP9825A 
as the controller. 
<Example 1> 
Setting center frequency at 230 MHz, frequency span at 200 kHz, and 
video bandwidth at 30 MHz 

wrt 701, "CF230MZ SP200KZ VB30HZ" 
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GP-IB specification 


TR4172's device address 
Center frequency command 


Center frequency setting 
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Execution of the above statement can be initiated by operating the 
EXECUTE key. 


The header contains a command, the listing of which is shown below: 


Table 8-3 Programming Codes 


25 aE 
se lec ted 
Mite 8 | | 
(Ce 2 
aie 
[sw [smear SSOCSC~SCSC~SSSCSC 
[as [ser nme ao SSC~“~—SCi CS 
ruwcron | mB [RES Bw 
a 
[we [mos SCSCSC~SSSCSCC 
Ta[vmeomwamoSC~“—~*s~iSC‘ CS 
[so [osmesm SsdYStC~CS~S 
[caer emp sua SCT 


Clockwise MU | 
FINE UP 
a 
EE 
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DATA knob 
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[up| va mort —SSCSC~—tCSSSS 
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Each command is shown on the panel in Figure 8-4. These characters 


should be specified in the order of the corresponding key operation. 
Use MZ and HZ for the unit of dB and sec, respectively. 
Use MZ and KZ for (PHASE OFFSET) and (GROUP DELAY OFFSET), respectively. 


It is also possible to specify clockwise and counter-clockwise rotations 


of the DATA knob. Course, medium and fine control of the DATA knob can 
be specified by codes CF, MF, and FU respectively for clockwise 
rotation, and by codes CD, MD, and FD respectively for counterclockwise 
rotation. . 

The three degrees of DATA knob control are available for the following 
functions: 

CENT. FREQ., FREQ. SPAN, REF. LEVEL, MARKER, DISPLAY LINE, 

GROUP DELAY OFFSET, and PHASE OFFSET 

<Example 3> 

Activating a display line (DL) and a marker (MK), and setting the 
reference level (RE) at -3.2 dBm (DM for -dBm) 

wrt 701, 'DLMKRE3.2DM" 
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SERVICE REQUEST 


A service request is sent when measurement or averaging is completed 
(ie, averaging number reaches the preset number.) 
wrt 701, "SQ" enables service request. 


wrt 701, "SR' disables service request. 


STATUS 
BYTE 


Measurement end 
Averaging end 
Bit 3: Set to 1 when measurement is completed. 
Bit 4: Set to 1 upon the end of averaging. 
Remains 0 during averaging. 
Bitty: esetetonl  whengbi tes. or) 4 is-set. to.l1. Thissbit remains;at 1 
until a status byte is read by the controller. 
When service request is enabled, the controller reads data from the 
device in request. Upon the end of data read, the controller writes 
"DR" to initiate the next measurement. 
<Example 4> 
Cea write) Ol, OQ 


Enable service request. 

l: oni 7, “int'’ ———————— Jump to "int" if interrupt (service 
request) occurs. 

Zomelre | Enable the controller for interrupt. 

Bite COL 

10: "int": rds (701)+A —#= Read status byte. 

Pievwrt 701, “DR” 


Peep et uA 


Start sweep. Status byte reset 


Print “A. 


P32eiret Return to main program. 
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The following explains examples of single sweep using the sa) key: 


SINGLE 


For single sweep, insert 'SHLASW" before '"DR'' as shown in Example 4'. 


[Example 4'] 


Oe 


2: wrt 701, ‘MK ML" -------- 
oe eynity, Wie One sh uy eee eee Se: 
4: eir 7 

Fs gto 3 

62) int’: rds(701)—-A 

ta) Seep ees 
os dsp B 

Oe wrt 701, "SHLASW" --:---- 
10: wrt 701, "DR" ------------- 
Meer ee 70 oS Liv ee-c2en--: oe 
12 2rret 

13: end 

* 5308 
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Master resetting. 


seconds. 


Service request enable state. 


set in the single sweep mode. 


The sweep time is set to 2 


The trigger is 


The marker and marker level reading modes are 


set. 


If an interrupt occurs, control jumps to 


"Int i wt 


The marker level is stored in memory B. 


Resetting sweep 


Resetting the status byte 


Sweep operation is performed once. 


8 - 


1k 


8-8. READING MARKER FREQUENCY AND LEVEL 


<Example 5> 
wrt 701, "MF" 
red 701, A$ 
In this example marker frequency is read in the same format as the 
marker frequency readout on the display. 
A marker level can also be read in much the same way: 
Set the dimension of A$ to more than 24, because 24 data of marker 
frequency are sent out. Blank (uw) may be sent out at the head of the 
data. 
When reading a marker frequency as a number with no engineering unit, 
use the OA command as described in the following paragraph. 
<Example 6 > 
wrt 201 j2.oS"" 
red 701, A$ 
The marker level is read as a numeric data with no unit. 
Therefore, it may also be read by specifying: 
red 701, A 
Since 8 marker level data are sent out, the dimension (dim) for A$ or A 
should be set up at 8 or more. For phase measurement, however, act 
should be set up to 9 or more. 
Send data is always preceded by a blank code. 
When it is desired to read the unit for marker level as part of 
character strings, it should be entered in the form of character string 
variable as shown in example 7. In this case, the dim for A$ must be 
set up to 24 or more. 
<Example 7> 
1: dim A$ [24] 
2: wrt 7Ol, "MF"—— Specify not "ML" but "MF". 
3: wrt 701, "LD73C40E0099DC 
Read start address 
Number of data to be read 
Read instruction for marker level and unit 


4: red 701, A$ 


Bem 12 


In the example 7, marker level and unit are entered into A$ in the form 
of a character string. 

The OEOO specifies the number of data to be read, and 99DC specifies the 
read start address (both hex code). In this example, OE is the low 
order digits while 00 is the high order digits. Therefore, the actual 


number and address are QOOE and DC99 respectively. 
SETUP DATA READ (0A) 


Center frequency, frequency span, resolution bandwidth, marker 
frequency, and some other data which are shown in the active function 
display area on the screen, can be read in the form of numeric data 
without unit by using the OA (Output Active) command. 

With the OA command, the active data which is currently shown in the 
active display area on the screen is read. For example, if resolution 
bandwidth is 300 kHz, it is read into "A" in the following statement in 
the form of 300000: 

wrt 701, "RBOA" 

red 701, A 

The "RB" preceding the "OA" in the above statement is necessary to 
activate resolution bandwidth. 

If data is to be read in the exponent form, use the A$ command. 

The data given in the above example is read in the form of 300E3 by the 
following statement: 

red 701, A$ 

When a marker is activated, the frequency and level at the marker are 
shown in the active display area on the screen as follows: 

MARKER 1 

50 MHz 

-10 dBm 

However, the OA command reads only the frequency data. In general, when 
two data are activated at the same time, the OA command reads only the 


upper data in the active display area. 


Sees la 


If this OA command is followed by an LD73C6 which is followed by a 
screen address as shown in Figure 8-5, any information on the screen can 
be read out with its engineering unit. For example, the reference level 
or marker level can be read with unit V, mV, or wV when the vertical 
scale is set up in the linear mode, or a video bandwidth value can be 
read out without making it active. Specify the screen address for the 
information to be read following OALD73C6. The marker level and video 
bandwidth are assigned addresses DC9C and DDAO, respectively, as shown 
in Figures 8-4 and 8-5. 
<Example 7'> Reading a video bandwidth with its engineering unit: 

wrt 701, "OALD73C6A0DD" 

red 701, A 


VERTICAL SCALE READ (dB/DIV.) 


The setup for vertical scale factor (dB/DIV.) can be read into "OA" and 
"TD73C50870DC" as a numerical variable. Number 08 of "LD73C50870DC" 
denotes the number of data to be read, while DC70 denotes the first 
character location address of the display where XX dB/ is displayed. 
The vertical scale factor setup can be read into "MF" and "LD73C670" as 
a character string variable. Example 8 reads scale factor 10 dB/DIV. 
as a numerical variable, and Example 9 reads scale factor 10 dB/DIV. as 


a character string variable. 


<Example 8> 

Reading 10 dB/DIV. as a numerical variable: 

1: dim A [8] «— Set to 8 or more. 

2: wrt 701, "OA" «——Read as a numerical variable 

3: wrt 701, "LD73C50870DC" «— Read dB/DIV. 

4: red 701, A[1] «——"10" is read into register A. 

<Example 9> Reading 10 dB/DIV. as a character string variable: 


dim A$ [24] +— Set to 24 or more. 


— 
ee 


wrt 701, "MF'’«— Read as a character string variable. 
wrt 701, "LD73C670"' «—— Read dB/DIV. 
: red 701, A$ +—'10 dB/DIV." is read into register A$. 


Gobo 


DISPLAYED DATA READ/WRITE 


8 - 14 


a eal be 


All internal memories in the TR4172 are accessible for reading from 
an external controller, and all internal RAMs of the TR4172 are 
accessible for writing from an external controller. This read/write 


capability allows for more sophisticated control of the instrument. 
Displayed Data Read 


Displayed data (amplitudes at each of the 1001 points on the 
frequency graticule) can be read with the RD (Read Memory) command. 
To do this, specify the read start address and the byte count of the 
data to be read in hex code. 
Trace memory A has address allocations of C018 through C7E8, while 
trace memory B has that of C818 through CFE8. Each data has two 
byte length, and the low order byte is first read, followed by the 
high order byte. When 150 points of data are to be read starting 
from the first (leftmost) location of memory A, a register dimension 
of 150 x 2 = 300 = hex 12C is required as each data occupies two 
byte length (see example 10). 
If contents of trace memory A and A', or B and B' are displayed 
simultaneously, two byte length data of trace memory A and A', or B 
and B' are stored from C018 or C818 of address allocations. For 
example, memory data A is stored at C018 and C019, memory data A' is 
stored at CO1A and CO1B, memory data A is stored at COIC and COID, 
and memory data A' is stored at CO1E and COIF. 
<Example 10> 
wrte</01, “ RDCOL80 1264 
Byte count of data to be read (hex) 
Start address 

Read command 
The displayed data is read into register A$ in ASCII format by 
specifying: 
red 701, A$ 
In this case, the dimension of register A$ must be present to more 
than 4 times the number of data to be read. For the above example, 


the register dimension must be preset to 150 x 4 = 600 or more. 
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Display data is stored in addresses 0 through 1001 of the trace 
memory. The low byte of each display data occupies even addresses, 
whereas the high order byte of each display data occupies odd 
addresses. In even addresses, 8 bit data is valid, while in odd 
addresses, only 2 bit data is valid and the most significant 6 bits 
of data in odd addresses are invalid. When read, the most 
significant 4 bits of odd-address data is modified into F. 
A read example for two data is shown in example 11. 
<Example 11> 
wrt 701, 'RDCD180004" 
red 701, A$ 
Data read into A$ ---- 3AF1 39F1 
High order (F is invalid) 
Low order byte 

In this example, the actual data read into register A$ are 13A4¢ = 
314 and 139, = 313. To read data in decimal form, use the TO 
command to be described in the following paragraph. 
Data can be read in the binary mode by inserting an LDBEB501 
command. In this case, two-byte data is output in the order of 
high-order and low-order bytes. 
<Example 11'> 10 OUTPUT 701; "RDCO180004" 

20 DIM A$(20] 

30 OUTPUT 701; "LDBEB501" 

Oe “ENTER® 701 USING? "2, #2K"; A$ 

50 DISP A$ 

60 END 


o=1,1-2. Display Data Read in Decimal Form 


Display data in trace memory A or B can be read in the decimal form 


with the TO (Trace Output) command. 
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< Example 12> 
1: wrt 701, "RDCO180040" 


Read data from address C018 of trace 


memory A. 


2: wet 701, LO. Decimal data read command 


S-ired 7/01, °C 


Data in addresses C018 and C019 is read 
into memory C in decimal foo 
4: red 701, C-———————. Data _ in addresses CO1A and 
CO1B is read into memory C in decimal 
form. 
If contents of trace memory A and A' are displayed simultaneously, 
the data read out by "3:"" are stored in memory A and the data read 


out by "4:" are stored in memory A'. 
Data Write to Display 


Data can be written into trace memories (and hence display) with the 
LD (Load Memory) command. With this feature, measurement 
information read into the controller can be again shown on the 
display after it is subject to necessary operations or modifications 
in the controller. Upper or lower limit data can also be written 
onto the display. 

<Example 13> 


wet e701, "LDC90023FAB31C" 
Write start address 


Write command 
In this example, "LD" is the WRITE command, and "C900" gives the 
write start address. Data of 23, FA, B3, and 1C are sequentially 
written into addresses C900, C901, C902, and C903 respectively. 


When writing data in the decimal form, see the following paragraph. 
Data Write in Decimal Form 


With the TI (Trace Input) command, data can be written onto the 


display in the decimal form. 


a 17 


<Example 14> 
BE eo 701, "RDCO 180040" 


Write stat address (address C018 on 
memory A) 


Must always be 0040. 


wrte0. s2ie Decimal data write command 
100 —~A 
wrt 701, A Write A (100 in decimal). 


A + 100——A—~(A: number between 0 and 1024) 


nO MW FF WwW NY 


wrt 701, A———Write A + 100 = 200 into address COIA. 

The second "wrt 701, A" written on line 6 in the above example 
causes decimal data A to be written into addresses CO1A and CO1B on 
the trace memory. Each time "wrt 701, A' is specified subsequently, 
memory addresses are automatically incremented. The top address of 
memory B is C818. Therefore, to write data begining from the top 
address of memory B, specify wrt 701, "RDC8180040". 

<Example 15> 

Example is to draw an up-going diagonal line on the display. 

O:cwrty 701,. CAV. 

1: wrt 701, "RDCO180040" 
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wrt 701, A 
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8-12. PROGRAMMING EXAMPLES 
This section presents two examples of automatic measurement programming 
for the TR4172 under GP-IB control. 
In these examples, the TR4172 is addressed to "7OG: te 


8-12-1. Programming Example 1 


The paragraph presents a programming example to determine the 3 dB 


down bandwidth and peak frequency of a 184 MHz band-pass filter. 
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The following program activates a marker, performs peak search to 
position the peak response to the center of the screen, controls the 
marker to determine the 3 dB down point on the left-hand side of the 
peak, then moves the marker to determine the other 3 dB point on the 
right-hand side of the peak. Programming may be done in the same 
procedure as manual operations. The following example uses 


Hewlette-Packard Model 9825A for the controller. 


<Example 16> 
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ct Wilt SHES Wirt PASS "PS tic" 
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te red (HSPs wrt (Boa MT" 

Jt oWdit OBiuwrt PRs "ML cD" 

Be “mls"tred Fosse 

mt Teme esasth rest 1” 

siowet Pao "FD Sato “mls” 

ae Sheet ro outrt CMs ale el) 

Lai “mlsi"twrt POS "FU" red Fas. e 

Dis! it Best oe Snieet 2" Ki 

Tai. gto  “mlse2" 

Dat aMestee tiirt Fats. “Oot red Fae 

Idi Be ibaaaease ar as eapupe cae 

1a: Prt sdb band’s Bs “MHe 

lh: dsp AF 

Irs end 

#14584 


Notes) 1: Center frequency 184 MHz, span 10 MHz, Tracking 
generator ON 

Peak search, Marker—~>CF 

MKR—~ REF., marker frequency output 


Marker delta (A) 
Marker level output, DATA knob course counterclockwise 


wm FF WwW NY 


adjustment 
8: Fine counterclockwise adjustment 
9: Marker delta, course clockwise rotation 
10: Fine clockwise rotation 


13: Active data (marker delta frequency difference) output 
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B= 12-25 Programming Example 2 


This paragraph shows a programming example to measure the 50 MHz 
reference frequency of the TR4172 and its second harmonic frequency 
and level. 


<Example 17> 


18 ' LEVEL ANDO FREQ. MEASURE ! 

SGnKtinpine coo 3 SLR. CF .SUMhZeSPes 
Me See oA T 24a. . 

SaeOuTeuPer es ¢ “PS CN MF* © DIM 
ASC2e] 

4A WAIT 248 

SH ENTER r@s i AF 

548 PRINT AS 

7arOteupeces gs CF LeuMz SP 166 
Ka" 

849 WAIT 246 2@ OUTPUT Yas 

ama WAIT i188 @ ENTER Fas ; AF 

184 PRINT AS 

{ieee fos G"ML” @ ENTER 73s 

Peis: 

120 IMAGE “2ND LEVEL”".1x,.0DDD000. 
Hopes ob m 

L3H PRINT USING i188 ; 6 

i¢4@ END 


Notes) 20: Center frequency 50 MHz, span 5 MHz 
30: PEAK SEARCH, FREQ. CNTR and marker frequency output 
50: Center frequency 100 MHz, span 100 MHz 
60: PEAK SEARCH 
90: Marker level output 


8-13. CHARACTER WRITE TO DISPLAY 


Characters can be written onto the display from the controller. 
Character locations on the display and their addresses are shown in 
Figures 8-4 and 8-5 respectively. Writable character codes are listed 
in Table 8-4. 

For example, characters "REF" are written in addresses DC38, DC39, and 
DC3A by using codes 12, 05, and 06. To replace these characters with 
another set of characters "ABW", specify as follows: 


wr t701, “LDDC38010217" 


6 a2) 


To expand character "A" on the display, use code 41 instead of 01 by 
referring to the Large column in Table 8-4. 

When making a line feed operation after writing certain characters on 
the display, use the codes listed in the End column. If code 81 is 
specified instead of 01 in the above example, characters "BW" are 
written from the first character location of a new line after "A" is 
written on the preceding line. It should be noted here that characters 
"ATT." or "MKR" which were on the same line as the REF. are also 


repositioned to the next line. 
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Table 8-4 TR4172 alphanumeric character set vs. hex codes 
\ freee tee | oe NE 
00 40 80 20 60 AO 


21 61 Al 


01 41 81 
42 82 
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CONNECTION TO PLOTTER (TR9834R) 


This section describes attachment of TR9834R Plotter to the TR4172 
Analyzer. 

First, connect the GP-IB connector on the rear of the TR4172 to that on 
the TR9834R with the supplied GP-IB cable. Then set the TR9834R to the 
LISTEN ONLY mode and power PCED. 


After setting up all measurement conditions on the TR4172, press 
[aie - if the frequency axis is in the logarithmic 
SHIFT LABEL 4 


scaling (see page 4-61), however, press only [pacele key. The diplay 
4 


will show the following message: 


PLOT 

Mien TRIS | 
"2! -TR9834R 
SOL - = OULT | 


Press the Data key 2. The message displayed on the screen will change 
as shown below. If a TR9831 is connected to the TR4172, press the key 
1. Pressing the key 0 returns the TR4172 to the status it was in 


before the [ [ae [_Jeswiten was depressed. 


SHIFT LABEL 4 
PLOT 
']' LARGE 
'2' SMALL 
‘of “OULT 


Press the Data key 1 (LARGE) to plot display data (waveforms, 
graticules, characters, markers, and labels) in A3 size, the key 2 
(SMALL) to plot it in A4 size (size of this instruction manual). 


Pressing the key 0 will return the TR4172 to the status it was in 


before the (aa) ees was depressed. Where only 
SHIFT LABEL 4 


character text, such as HELP messages, is displayed, plotting starts 
immediately. On a normal screen display, the following message appears 


after the LARGE/SMALL select switch is pressed. 
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PLOT 


JAE Sue Ga) 
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'O' QUIT 


Press the Data key 1] (ALL) to plot all display data, and the key 2 
(TRACE) to plot waveforms only. The key 2 can be used to overlay a new 
waveform over previously plotted data. 


Pressing the key 0 (QUIT) will return the TR4172 to the status it was 


in before the ea) = COB aces was depressed. 
After the ALL/TRASE select switch is pressed, the characters that had 
been displayed in the active area prior to the display of the above 
message are displayed again and plotting begins. 

Pressing the key 0 during plotting cancels the plotting operation 
causing the initial PLOT message to be displayed. 

After plotting, a single-page feed occurs unless only a waveform has 
been plotted. When a waveform is to be overlaid over previously 
plotted data, only the waveform should be plotted first. , 

The TR9834R Plotter can be operated in either one pen or two pen mode. 
Text information, graticule, and contents of memories A and A" are 
plotted by pen 1, while the contents of memories B and B' are plotted 
by pen 2. The contents of blanked memory will not be plotted, however. 
In the BOTH display mode, images A and B may be plotted in different 
colors if different color pens are used for pens 1 and 2. 

When the TR9834R Plotter is attached to the TR4172 Analyzer, the TR4172 
functions as a controller for the TR9834R. Therefore, no other devices 
Or controller should, in principle, be attached to the TR4172. 

When in the single display mode, signal response trace and graticule 
may be plotted in different colors if trace information is stored in 
memory B. 

When using two pens, calibrate their relative positions by referring to 
the TR9834R Instruction Manual. 

The recording paper for the TR9834R is available in roll and leaf 
Papers. When leaf paper is to be used, the pen (s) may not 
automatically return to its (their) home position upon completion of 
plotting, with the REMOTE and PROMPT lamps flashing. If this occurs, 
Press the position switches on the TR9834R to return the pen to its 


home position. 
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CONNECTION TO PLOTTER (TR9831) 


Connection and operating procedures are the same as those of TR9834R. 
However, power the instrument on while the TR9831] FEED switch is being 
pressed. ; 

The TR9831 allows the selective use of four pens, pens 1, 2, 3 and 4. 
Among the TR4172 display data, characters and graticules are plotted 
with pen 1 and the contents of traces A, B, A' and B' are plotted with 
pens 1, 2, 3 and 4 respectively. Blank traces are not plotted. (See 


Table 6=5.) 


‘The following message is displayed when plotting with the TR983] is 


disabled: 
(ERROR) PLOTTER DOWN OR CONNECTOR DRAWN OUT 
‘1' COUTINUE 
wor) .OULT 


Table 8-5 Display data and pen correspondence 


[Preece GT rena | ren 2 | 
[eraticuies | _ren | Pent 
Mccall can pea 


LEARN MODE 


All the panel setup conditions on the TR4172 can be stored in the 
memory of the associated controller subsequently recalled. 
In order to discriminate this feature from the ordinary save feature, 


the SH (SHIFT) and IN (SAVE) commands are suffixed with 0. 
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The following example shows a case where the panel setup conditions are 
stored in memory location A$ and are then recalled. As in Example 
19 , be sure to set the dimension to 94 (twice (2E + 1) in hex) and 
store it in address 7400. 
Example 19 1: dim A$ 94 

2: wrt 701, "SHINORD7400002E" 

3: red 701, A$ 


WG /01, 5D 7400", AS 
wrt. 7/01, -.soLI0" 


The panel setup conditions temporarily stored in memory location A$ are 
now recalled to the panel of the analyzer. 

Example 20 shows a programming example using the Hewlett Packard Model 
HP-85A: 

[Example 20] 1 DIM B$ [94] 

DIM A$ [100] 

A$ = "LD7400" 

OUTPUT 701; "SHINORD7400002E" 

ENTER 701; B$ 


N oO & WW WD 


A$ [7] = B$ ~@——=Insert B$ after "LD7400". 


OUTPUT 701; A$ 
OUTPUT 01s) “SHLIO" 


8-17. Setting GPIB of Phase and Group Delay Relations 
(1) When setting the phase range at phase measurement using GPIB, 


write PH (to place phases in the variable state), the 


corresponding number, and Hz, referring to Table 8-5. 
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Table 8-6 Setting phase range 


80° /div. 
40° /div. 
20° /div. 
8° /div. 
4° /div. 
2° /div. 
(e) 
0.8° /div. 


0.4° /div. 
0.2° /div. 


For example, when setting 20° /div., specify wrt701, "PH4HZ." 

Specify phase offset at addresses BECO and BEC] and group delay 
offset at addresses BEC2 and BEC3 with hexadecimal characters (0 to 
4095) in the low and high order. Specify group delay offset fine at 
address BEC5 with hexadecimal characters (0 to 255). 


[Example 21] 

Setting phase offset 1068 (42C in hexadecimal notation) 
wrt701, "LDBECO2C04" 

Wrts01,,) SHPH™ 


[Example 22] 

Setting group delay offset 1068 (42C in hexadecimal notation) 
wrt701, "LDBEC22C04" 

wrt701, "“SHGD" 


[Example 23] 

Setting group delay offset fine 123 (7B in hexadecimal notation) 
wrt701, "“LDBEC57B" 

wrt701, "GD" 
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FD (Gi): 


FREQ. CNTR MKR—®REF. 
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SWEEP TIME AUTO 
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Fig. 8-6 GPIB command 
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SECTION 9 
IMPEDANCE MEASUREMENT (OPTION 05) 


GENERAL 


This option, when combined with the VSWR bridge, provides a Smith chart 
display on the TR4172's CRT display to allow for impedance measurement. 
It also permits direct readout of VSWR, reflection coeficient, and 
normalized impedance values useful for reflection wave analysis. In 
addition, the option makes various arithmetic and logical operating 
features using the internal CPU available for impedance measurement, 
offering the high-stability, high-sensitivity measurement for which the 
TR4172 is designed. 

This section describes the theory of impedance measurement, the 
calibration procedure required for impedance measurement, and explains 
the impedance measurement procedure in some detail. 


The impedance measurement mode is selected by pressing 
SHIFT LABEL 


aa . Once this mode is selected, functions, of the control keys on 


the front panel are different from the usual ones. The key functions 


available in this mode are listed in Figure 9-36. 
THEORY OF OPERATION 


When a VSWR bridge is connected across the TRACKING GENERATOR OUTPUT and 
INPUT-1 of the TR4172 Analyzer and a Device Under Test (DUT) is 
connected to the Analyzer via this VSWR bridge, a signal proportional to 
the reflection from the DUT is input to INPUT-l1. If the DUT terminals 
on the bridge are shorted or open (full reflection), the input to the 
INPUT-1 is maximized; if a characteristic impedance of the bridge is 


connected to the DUT terminals, then the input to INPUT-1 is minimized. 


Fig. 9-1 Impedance measurement setup 


The return loss of the DUT (difference between the reflection from the 
DUT and full reflection) can be determined by reading the input level on 
a logarithmic scale. If the input amplitude is displayed on a linear 
scale and the reference level is set to the full reflection level, the 
reflection coefficient can be directly read out at a resolution of 

0.1 div. Furthermore, the reflection coefficient can be handled as a 
vector by phase measurement. 

Figure 9-2 shows how the option reads phase information upon the first 
sweep, then reads amplitude information of linear scale upon the second 


sweep. 


Data conversion to 
polar coordinate 
and display 


Amplitude 
measurement 


Phase 
measurement 


Fig. 9-2 Impedance measurement and display information flow 
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The information is then translated into polar coordinate data by 
arithmetic operation and displayed on the monitor (see Figure 9-3). 
Figure 9-4 shows amplitude, phase, and polar-coordinate displays for the 
same device under test. 

A normalized impedance value can be read by superimposing a Smith chart ’ 
on the reflection coefficient data displayed on a polar coordinate. 
Since the option can show a Smith chart on the display, approximated 
normalized impedance can be read from the display. 

When a marker is used, the marker frequency, VSWR, reflection factor, 
phase, and normalization impedance are digitally displayed. For this 
option, transfer characteristics can be displayed with vectors using 
only the polar-coordinate display function. In this case, directly 


connect DUT between TRACKING GENERATOR OUTPUT and INPUT-1. 
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Amplitude display 


Phase display 


RF 1S31 aT 1B AR 
ee slea Sel pate 


Polar coordinate display i 
REF 15.31 mU AIT 10 eB 
+1.46 +165 m— 74° 


MARKER 
162.34 Mi 


Fig. 9-4 Amplitude, phase, and polar-coordinate displays for the same DUT 
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CALIBRATION 


General 


When measuring impedance or reflection-coefficient using a VSWR 
bridge, calibration must be done to cancel the loss of the VSWR 
bridge, electrical length of the cable, and other error factors. For 
this calibration, a short or open plug is connected to the DUT 
terminals on the VSWR bridge instead of a real DUT, and the reference 
level, group delay offset, and phase offset are adjusted so the 
display data comes to the 0 2 or » Q point on the Smith chart. 

When a frequency span of several 10 MHz or more is selected, however, 
satisfactory calibration may not be possible due to the nonlinear 
frequency response of the tracking generator or VSWR bridge. In 
order to solve this problem, the option contains a frequency response 
correction feature for both amplitude and phase. Since calibration 
directly affects measurement accuracy, the open or short plugs used 


should have nearly ideal characteristics in the given frequency range. 
Preparation for Calibration 


Connect the VSWR bridge across the TRACKING GENERATOR OUTPUT and 
INPUT -l of the TR4172 by means of interconnecting cables 
DGMO10-00150A (see Figure 9-5). 
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Fig. 9-5 Calibration system setup 


The recommended VSWR bridge is 60NF50. 

Connect the DUT across the terminals on the VSWR bridge, then press 
the TG key to activate the tracking generator output. While viewing 
the pass-band response of the DUT, set up the center frequency, 
frequency. span, and other necessary parameters. Use the TG LEVEL 
key to adjust the signal level applied to the DUT. The signal level 
actually applied to the DUT is 6 dB to 7 dB lower than the tracking 
generator output level (when the recommended VSWR bridge is used). 
Since impedance measurement involves phase measurement, press the 
SWEEP TIME key, then manually select the appropriate sweep time with 


the DATA knob or other control means. 
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9-3-3. Calibration Procedure 


Disconnect the DUT from the terminals on the VSWR bridge, and connect 
an short or open device to the terminals. If the DUT is connected by 
a cable, leave the cable connected to the terminals, and connect the 
short or open device to the end of that cable. In some frequency 
area, an open connector has its own capacity. In this case, use a 
short connector. 
Press the PHASE key to observe phase response, then adjust group 

- delay offset with the kHz (G.D. OFFSET) key until phase rotation is 


cancelled out. 


| REF -12.4 dBm AIT 10 eB 


Fig. 9-6 Impedance measurement start 


Press [inna fran) ERS) to activate the impedance measurement 
LABEL 


SHIFT 
option. Figure 9-6 shows a Smith chart on the display, and impedance 


measurement sweep is started to display the measurement information 
translated into polar coordinate data. The display information is 


updated every other sweep. 
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The center frequency, frequency span, and other parameters set up 
during preparation are also maintained during impedance measurement. 
Press the REF LEVEL key, then use the DATA knob to align the 
measurement information to the outermost circumference of the Smith 


chart. 


REF. O Oe i 
Elle _ REF -23.4 dBm ATT 10 oB 


"REF 
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Fig. 9-7 Positioning the display information to the outermost 
circumference of the Smith chart 


GROUP 
Press ee , then use the DATA knob to converge the display 


SHIFT 


data to as small a point as possible. For finer adjustment, press 
the kHz key before controlling the DATA knob. To prevent the bright 
data spot from burning the display screen, press the PEAK SEARCH 
(POINT DEC.) key several times to reduce the number of data points. 
As mentioned earlier, the impedance measurement mode causes the 
control keys on the front panel to have functions different from 


their normal functions. For those functions refer to Figure 9-36. 
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Fig. 9-8 Converging the display data to a small spot 


Press (eae) , then use the DATA knob and step keys to cancel 
SHIFT 


phase offset. If an open device is connected to the DUT terminals on 
the VSWR bridge, position the data spot to the » { point (right-hand 
end) on the Smith chart. If a short device is connected to the 


terminals, position the data spot to the 0 2 point (left side) of the 


Smith chart. 
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Fig. 9-9 Calibration for DUT terminal open 


Rise 


Fig. 9-10 Calibration for DUT terminal shorted 


9-11 


9-3-4. 


Calibration 
may be used 


viewing the 


has now been completed. The same calibration procedure 


for the amplitude and phase measurement mode while 


orthogonal coordinate (and by using the relationship 


shown in Figure 9-3). In this case, calibration time will be 


shortened since display updating interval for the orthogonal 


coordinate is shorter than that for the Smith chart. 


Frequency Response Compensation 


Calibration 
If the data 
Smith chart 
If the data 


has been completed through the described procedure. 
spot is not converged to the © {2 or 0 @ point on the 
as shown below, proceed with the following operations. 


spot is properly converged to the 0 2 or ~ 2 point, then 


proceed to paragraph 9-3-5. 
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Fig. 9-l1l Unconverged data spot 


The unconverged data spot is due to lack of frequency-response 


flatness in the phase or amplitude domain. Correct the frequency 


response as 


follows: 
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For frequency response compensation in the phase domain, press the N 
(PHASE COR.) key to select the phase correction mode. The display 
will show "PH-COR" in its information display area. To calibrate the 
phase response, press 0 (PHASE CAL.(0)) key when an open device is 
connected to the DUT terminals on the VSWR bridge, or the S (PHASE 
CAL.(S)) key when a short device is connected to the same terminals. 


The frequency response in the phase domain is now corrected. 


Fig. 9-12 Frequency response correction in the phase domain 


For frequency response correction in the amplitude domain, press the 
I (MAG. COR.) key to select the amplitude correction mode. The 
display will show "MG-COR" in the information display area. Then 
press the J (MAG. CAL.) key to calibrate amplitude response. 

Figure 9-14 shows the correctable amplitude range. Corrections 
performed outside this range results in error, and the "ERROR" 
message will be shown just below "MG-COR" on the display. If this 
occurs, press the I (MAG. COR.) key again to clear the amplitude 
correction mode, then press the REF LEVEL key and use the DATA knob 
until the display data comes inside the correctable range. Press the 


I (MAG. COR.) key again to calibrate the amplitude response. 
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Fig. 9-13 Frequency response correction in the amplitude domain 


Correctable Area 


Fig. 9-14 Amplitude-frequency response correctable range 
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9-3-5. Calibration in Enlargement Mode 


The center portion of a Smith chart display can be enlarged 10 times 
by pressing the R (MAG. x 10) key. The enlargement will result in a 
slight phase error. To cancel this phase error, connect an open or 
short device to the DUT terminals on the VSWR bridge, and ACenge 
phase offset so that the phase is 0° for an open terminal or 180° 

for a shorted terminal. When the display data overscale, that is 
unimportant. 

If the R (MAG. x 10) key is pressed again, the Smith chart display of 
normal size will be restored. In this case also, carry out phase 
calibration. If the slight phase error occurring in the enlargement 


mode is insignificant, the phase calibration may be omitted. 


9-4. MEASUREMENT 


9-4-1. Measuring Procedure 


Accurate calibration is a vital factor for precision impedance 
measurement. Once calibration is completed, do not change the center 
frequency, frequency span, reference level, or other parameter 
setting. If any change is effected on these parameters, carry out 
calibration again. 

After completing calibration, connect the DUT across the DUT 
terminals on the VSWR bridge. The impedance of the DUT can now be 
read on the Smith chart display. Figure 9-15, 9-16, and 9-17 show 
the three types of scales used for this option. Figure 9-15 shows a 
Smith chart from which a normalized impedance can be read. The 
normalized impedance at the point indicated by a small mark "o" in 
this figure is read as 0.2 N= j0.5 ©. Figure 9-16 shows a polar 
coordinate from which a reflection coefficient can be determined. 
The reflection coefficient at the point identified by small mark "o" 
in this figure is read as 0.8 <— 60 deg. Figure 9-17 shows another 
Smith chart whose center portion is enlarged tenfold. A normalized 


impedance in the vicinity of 1 can be determined from this chart at a 


high resolution. 
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Fig. 9-16 Polar coordinate 


The impedance can be determined by multiplying the real and imaginary 
parts of the normalized impedance each by 50 (when the characteristic 


impedance of the bridge is 50 2). 
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Fig. 9-17 Enlarged Smith chart 


The frequency of the display data can be read with a marker activated 
by operating the MARKER key. In addition to the frequency, the 
display will also provide direct readouts for the VSWR, reflection 
coefficient, phase, normalized impedance, and inductance or 
capacitance of the equivalent serial circuit. The normalized 
impedance and inductance or capacitance of the equivalent serial 
circuit are not shown on the polar coordinate display, however. 
Figure 9-18 shows a data display example using a marker. Calculated 
data readouts for the marker point are shown on the third line on the 
screen. The readouts are VSWR, reflection coefficient, phase, 
normalized impedance, and inductance or capacitance, from left to 
right. The top information line on the display is reserved for 
user-defined Label information. If no label is written in this area, 
however, the titles for the data readouts shown on the third line are 
shown on this top line instead. If even one character of label 
information is entered in this line, the title will not be shown. 
While normalized impedance, inductance, and capacitance each have 
three significant digits, it shoud be noted that they may include a 
large error if the real or imaginary part of the impedance to be 
measured is extremely large or extremely small with respect to the 


characteristic impedance. 
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Fig. 9-18 Data readout for marker point 


The data redouts for the marker point are updated every other sweep. 
If the measurement information is held with the VIEW A key, however 
the data readouts will be updated with marker movement. 

The measurement information hold state can be cleared by pressing the 
WRITE A key. 

As with the normal measurement mode, the center frequency, frequency 
span, reference level, and marker can be set up with any of the DATA 
knob, DATA step keys, and numeric data keyboard. 

To clear the impedance measurement option mode, press the WRITE B 
(EXIT) key. At this time, the center frequency, frequency span, and 
other parameter setup are left intact, so that data comparison can be 
easily made between the normal mode and impedance measurement mode 
(e.g. a return loss is measured on the logarithmic scale, and the 
impedance is measured in the impedance measurement mode). 

The basic impedance measuring procedure is described above. The 
following paragraphs describe various additional features available 


in the impedance measurement mode to facilitate measurement. 
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9-4-2. 


Usage of Additional Features 


In the impedance measurement mode, there are some inoperative or 

unnecessary keys on the front panel. These keys are either made 

ineffective or assigned functions unique to this mode. (See figure 

9-36.) Some keys with new function assignments are alternately 

activated and deactivated each time they are pressed. Some other 

keys are used to increment or decrement setup values (e.g. intensity) 

each time they are pressed. The lamps in these keys are not 

activated, but the setup conditions are shown on the display. 

VSWR or reflection coefficient values are displayed with engineering 

units such as "m" or "k". For instance, 12.3 m means OT O02. 

The following paragraphs describe each additional function: 

(1) Scale controlling function 
Keys A and B select the Smith chart and polar coordinate scales 
respectively. If the R (MAG. x 10) key is pressed when the 
Smith chart is selected, the reference level is reduced to 
one-tenth, and the center portion of the chart is enlarged 
tenhold. (See figure 9-19.) At this time, phase offset must be 
canceled if necessary. (See paragraph 9-3-5.) Pressing the R 
key again will restore the normal Smith chart and the original 
reference level. 

(2) VIEW mode and impedance measurement mode clear 
Operation of VIEW A key stops sweep and holds measurement 
information on the display, so that photographing is 
facilitated. At this time, message "VIEW" will be shown in the 
right information area on the display. To clear the information 
hold state, press WRITE A key. Pressing WRITE B key clears the 


impedance measurement mode and returns the instrument to the 


normal measurement mode. 
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Fig. 9-19 Enlarged Smith Chart 
(3) Increment and decrement of data points 


Measurement data on the display usually consists of 500 data 
points. The number of data points can be reduced in half 
however, to 1/32 each time the V (POINTS DEC.) key is pressed. 
The reduction ratio is shown on the display as, for example, 
1/16. To increase the number of data points, press the W 
(POINTS INC.) key. The number of data points is doubled each 
time this key is pressed. (See Figure 9-20.) 


Oa 20 


(4) 


Fig. 9-20 Increment and decrement of data points 


When measurement data is converged to one small spot on the 
display, reduce the number of data points to prevent the CRT 
from spot burn. If the number of data points is reduced, the 
time required for polar coordinate translation can be reduced 
accordingly. 

Direct numeric data readout 

Direct numeric data readout can be obtained from display traced 
by the display circle and start-stop marker features, as well as 
the normal marker. Operation of the Z (DISP. CIRCLE) key shows 
a concentric circle of the polar coordinate on the display, 
along with message "DISPLAY CIRCLE". The radius of this circle 
can be varied by the DATA knob or DATA step keys. 
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Fig. 9-21 Display circle 


The VSWR and reflection coefficient values corresponding to the 
circle are read out on the display. They are shown on the left 
and right sides in the bottom left information display area. To 
superimpose the display circle on the marker point, press the Y 
(MKR~DC) key. Pressing the Z (DISP. CIRCLE) key again clears 
the display circle from the display. Pressing the L (START 
STOP) key shows the START STOP message, under which the sweep 
start and stop frequencies are displayed. The start and stop 
frequencies correspond respectively to the leftmost and 
rightmost graticules on the orthogonal coordinate. At the same 
time, triangular markers indicate the start and stop points on 
the display. (See Figure 9-22.) The acute-angle triangle 
indicates the start point, while the obtuse-angle triangle 
indicates the stop point. Pressing the L (START STOP) key again 


clears the start/stop frequency readouts. 
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Fig. 9-22 Start and Stop markers 


Multimarker listing function 
Multimarker setting is effected by following the same procedure 


as in normal mode. When a number of markers are displayed with 
the miltimarker, pressing the [« switch allows the values of 


the frequency, normalized impedance, and serial equivalent 
inductance or capacitance at up to 10 marker points to be listed 
on the display. The active marker is identified by an asterisk 
(*) to the left of its point number. If a display circle has 


been displayed, "IN" or "OUT" indicates whether a marker point 


has entered the circle or not. 

Pressing the [J ™ switch here displays a list of VSWR values, 
reflection coefficients, and phases. 

Pressing the [ switch next will cancel this mode. 

Be sure to press the switch to hold measurement data 


VIEW 


before entering this mode. 
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Fig. 9-23 Normalized impedance and L/C listing 
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Fig. 9-24 VSWR, reflection coefficient, and phase listing 
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Frequency response correction feature (See 9-3-4.) 

This feature is used for pre-measurement calibration. Operation 
of the I (MAG. COR.) key selecters the amplitude frequency 
response correction mode. Pressing the J (MAG. CAL.) key 
effects calibration. If there is any data outside the 
correctable range, an error will result, with an ERROR message 
shown on the display. During calibration busy, the indicator 
"CAL" ig also shown on the display. This correction mode is 
cleared by pressing the I (MAG. COR.) key again. (See 

Figure 9-23.) 

Operation of the N (PHASE COR.) key selects the phase frequency 
response correction mode. To execute calibration, press the 0 
(PHASE CAL. (0)) key when the DUT terminals on the VSWR are 
open, and press the S (PHASE CAL (S)) key when the terminals are 
shorted. During calibration busy, indicator CAL (0) or CAL (Ss) 
is shown on the display. This correction mode is cleared by 


pressing the N (PHASE COR.) key again. 
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Fig. 9-25 Amplitude response correction mode 
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Fig. 9-26 Phase response correction mode 


Other features 

Each operation of the T (CONTRAST) key increments only the 
intensity of the displayed impedance response trace or the 
graticule. The character information readouts remain at the 
same intensity. Operation of this key first increases the trace 
intensity in four levels; if the T (BRIGHT) key is pressed a 
fifth time, the intensity returns to the original level. Next, 
operation of this key increases the graticule brightness. This 
trace and graticule intensifying feature is convenient for 
highlighting the impedance response trace for photographing, or 
other occasions. 

Operation of the H (HELP) key provides a listing of the special 
key functions used in the impedance measurement mode on the 


display (See Figure 9-27.) 


9 - 26 


Fig. 9-27 Key function listing for impedance measurement mode 


The letter enclosed in quotation marks (' ') denotes the 
character provided on the right side of each key, and the 
letters given in right denote the relevant function. Pressing 
the H key again restores the original display image, while 


maintaining all the setup parameters intact. 


9-4-3. Measurement Examples 


This paragraph provides an example of application of the impedance 

measuring option, with bandpass filter response measurement as an 

example. 

(1) Connect the DUT (filter) across the TRACKING GENERATOR OUTPUT 
and INPUT-1 of the TR4172, then set up the necessary measuring 
parameters (such as center frequency, frequency span, Stew) 


observing the pass-band response in the normal mode. 
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Fig. 9-28 Pass-band characteristic of band-pass filter 


(2) Next, connect the VSWR bridge to the TR4172 instead of the DUT 
(€ilter) as shown in Figure 9-1, with the DUT left disconnected 
from the bridge. Activate a marker, and press the MARKER — REF 


key to position the signal response peak to the reference level. 


MKR = REF. 


Fig. 9-29 Positioning the signal response peak to the reference level 
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(3) Connect the DUT to the VSWR bridge. The return loss of the DUT 


can be read out as the level difference from the reference level. 


Fig. 9-30 Measurement of DUT return loss 


(4) Disconnect the DUT from the VSWR bridge, and instead connect an 
open or shorting device to the DUT terminals on the bridge. (If 
the terminals are simply opened, the Bane EOr capacity will 
cause an error; therefore, it is preferable that a highquality 
open or shorting device be connected across the terminals.) 
Perform calibration according to the instructions in 9-3-2 and 
9-3-3. Calibration in the impedance measurement mode is time 
consuming. To reduce this time, set the sweep time at a 
relatively small value to make course calibration, then set 
sweep time to the optimum value to perform fine calibration. It 
ts also recommended that the V (POINTS DEC.) key be pressed 
several times in advance to reduce the number of data points and 
hence save calibration time. The calibration time may be 
further reduced if course calibration is done in the norma 1 
measurement mode (not in the impedance measurement mode) by 


utlizing the relationship shown in Figure 9-3. 
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(5) After completing calibration, connect the DUT to the DUT 
terminals on the VSWR bridge, allowing measurement on a Smith 
chart. While in the normal measurement mode frequencies can be 
read from the scale, in the normal measurement mode, on the 
Smith chart they are read by markers. It is recommended 
therefore, to use the Multi Marker mode in the impedance 
measurement mode. In the impedance measurement mode as well, up 
to 10 multi markers are available, which will be useful for 


photographing or copy to the plotter. 


He 
sshd So ebiae USUR  R.COEF PHASE 


a) REF -23.3 dBm 9 AIT 18 eB : 
41.11. 454.0m- 126°” : 

MARKER oe afeaet J 

MARKER 


Fig. 9-31 Multi marker mode 
(6) To clear the impedance measurement mode, press the K CEXTT) 


key. The return loss display can be restored by pressing the 


NORMAL key. 
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Fig. 9-32 Clearing the impedance measurement mode 
9-4-4. Notes on Impedance Measurement 


(1) The following keys have the same functions in both normal and 
impedance measurement modes: 
. Function keys 
- Data keys 
. TG LEVEL key 
. INPUT ATT and AUTO keys 
. LABEL, MKR OFF with SHIFT (LABEL CLEAR) keys 
. MARKER and MARKER OFF keys 
. A (delta marker) key 
. MARKER with SHIFT (multi marker) key 
. GROUP DELAY with SHIFT key (group delay offset) 
. PHASE with SHIFT key (phase offset) | 
. LABEL and Q with SHIFT keys (plotter) 
. MASTER RESET key 
- LCL key 
. INPUT-1 (AC) key 
. INPUT-1 (DC) key 
. INPUT-2 key 


Lee, 


(2) 


(3) 


All parameters set up with these keys are left intact, whether 
the impedance measurement mode is set or not. All other keys 
are. assigned functions unique to the impedance measurement mode, 
or are made inoperative. In either case, the lamps in those 
keys are off. 

The impedance measurement mode can be entered whether the 
preceding mode was the amplitude, phase, or group delay mode or 
the preceding scale was linear or logarithmic. When the 
impedance measurement mode is cleared, the original mode and 
scale are restored. For example, if the impedance measurement 
mode is selected with amplitude measurement of 5 dB/div. in the 
normal mode, the amplitude measurement mode at 5 dB/div. is 
restored when the impedance measurement mode is cleared. 
Similarly, if the phase measurement mode of 80 deg/div. was 
selected before the impedance measurement mode was selected, the 
same phase measurement mode of 80 deg/div. is restored when the 
impedance measurement mode is unset. 

When duplicating the display information on a plotter, press the 
SHIFT, LABEL, Q, and 1 keys in the impedance measurement mode. 
All impedance measurement control functions can be remotely 
controlled over the GPIB. For example, an SH LA 0 sent from the 
controller to the instrument puts the instrument in the 
impedance measurement mode. The command PS PS causes the number 
of data points to be reduced to one-fourth, and the command BW 
clears the impedance measurement mode. 

In the impedance measurement mode, display data is stored over 
500 memory locations beginning from address C818. The scale 
data is stored in a memory area beginning from address C018. 
Each data point is represented by an orthogonal coordinate point 
of (x, y), and is stored as Xl, Yl, X2, Y2, X3, Y3, and so on in 
ascending order. 

Data should be taken out in decimal form by pressing the VIEW A 
key. Meaningful data is between 0 and 1023. Data beyond 1023 
is blanking data, which should be ignored. 

To convert the outer circumference of the scale into data (xn, 
yn) which represents a circle with its center located at CoP 


and a radius of 1, use the following conversion formulas: 
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xn = (x - 512)/500, yn = Cy - 512)/500 
A basic programming example using the Hewlett Packkard Model 
9826 Controller is shown below. After executing this program, 


measurement information is plotted on the 9826 display. 


10 GINIT 

2U GRAPHICS ON 

30 A=1.024 

4U WINDGW -A+4/3.A*4/3.-A.A 
50 OUTPUT 701; "RDC81380040 TO" 


50 reat =| 
ay FUR TI =12-10-500 
30 ENDER 2014 


30 Bt R940 15. 1 

100 DRAW (X-512)/500.(Y-512)/500 
110 PEN 1 

129 NEXT [ 

het END 


Figure 9-33, 34, 35 show plotting examples of Smith chart, 


Enlarged Smith chart, and polar coordinate, respectively. 
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Fig. 9-37 Keys having different functions in the impedance 
measurement mode. (All keys other than those 
marked EX] have their original functions.) 
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SECTION 10 
PRINCIPLES OF OPERATION 


10-1. GENERAL 


This section provides brief descriptions of the configuration of the 
TR4172 Spectrum Analyzer and its functional divisions, and some detailed 
explanations of the operation theories of each of these divisions. 
Detailed schematic diagrams are given in the back of this manual. See 
the Glossary in the back of this manual for the meanings of technical 
terms and special parts referred to in this section. 

This section is designed primarily for the reference for engineers and 


electronics technicians. 
10-2. CONFIGURATION 


The TR4172 Spectrum Analyzer is a heterodyne receiver. It converts 
input signal frequency into a given intermediate frequency (IF) and uses 
this IF signal for all subsequent signal processing, information 
display, and level readout. 

The TR4172 contains a tracking generator (signal generator generating a 
frequency identical to the input signal frequency) and a frequency 
counter, which provides phase measurement, group-delay measurement, and 
micro-level signal frequency measurement capabilities. 

An internal microprocessor controls all measurement condition setup, 
data storage, display, and display information enlargement processing. 
Control access or data read from an external controller can be 
accomplished over the GP-IB. 

Figure 10-1 and 10-2 show outlines of the instrument coufiguracion: The 
structure of individual functional divisions will be described in 10-3 
and subsequent paragraphs. 

The TR4172 consists of an RF section and a display section. 

The RF section converts input signals into IF signal. It consists of a 
Front panel; YIG oscillator; Standard, RF, lst local PLL, 3rd local, TG, 
counter, and Power supply blocks; and other control boards (ATT I/0, YIG 
1/0, and 3rd local I/O boards). The final IF output of the RF section 
is 3.35352 Miz. 
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Fig. 10-1 1TR4172 Block Diagram-1 RF Section 
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The display section receives the IF signal output from the RF section 
and performs various arithmetic and logical processing on the signal 
before displaying it on the CRT. It contains IF, Log amp., Phase, high 
voltage, CRT driver, and Display power blocks; and several processing 
boards, such aS CPU, Memory, A-D converter, D-A converter, I/O & GP-IB, 
Ramp Generator, Display Control, and Analog I/O boards. 

The display section breaks down the input IF signal into several 
components in its IF section, performs logarithmic compression on these 
components in the Logarithmic block, then converts the signal into DC. 
It then converts this DC level into the corresponding digital code, 
processes and stores the digitally-coded data, converts it into various 
forms according to selected functions, and converts it again into an 
analog signal before delivering it to the CRT for measurement 
information display. 

The following paragraphs describe the functions and operations of each 


a 


section. 
10-3. FUNCTIONAL BLOCK OPERATIONS IN THE RF SECTION 


10-3-1. Sub-Panel Block (MEP-340) (Circuit diagram No. 41) 
(1) RF ATT. and DC-AC switching 
A DC-AC mode selector switch and an attenuator convering an 
attenuation range of 0 to 50 dB are contained in the same 


housing. 


RF ATT 


Fig..-10-3 Internal configuration of RF attenuator 
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Table 10-1 Control data for AC-DC switch and RF attenuator 


(2) 


(3) 


(4) 


Pi 1, P3 Py, Ps P¢ P7 Pg 


OdBAs Obed 0 1 aU 

LOid5 yeGee Ta ik0 | a 
20tdBaaieeeeo 30 Ll 1 O | GND 
S0sdBamlewsOe yl 0 1. O 
L0.dBaeeeos cOs lt 0 1 
50°dpeei wo is 0 0 Tt 


The control data is held by the Attenuator 1/0 board 
(BGN-010220) and is coupled to the attenuator assembly via the 
Attenuator Driver board (BLB-010223). 

TG Attenuator 

The TG Attenuator has the same configuration and control 
requirements as the RF Attenuator. However, it does not contain 
P8. 

Preamplifier BLB-010233 (Circuit diagram No. 43) 

The Preamplifier is used when Option 02 is installed in the 
instrument. It has a gain of +25 dB over a frequency range from 
10 MHz to 1 GH for micro-level signal measurement. The power 
to the Preamplifier is activated only when the front INPUT-2 key 
is activated. 

Attenuator Driver -°-  (BLB-010223) (Circuit diagram No. 42) 
This board provides control data to the RF attenuator, AC-DC 
selector switch, TG attenuator, and preamplifier power supply. 
All data lines from this board are connected to the ATT 1/0 


board, with the exception of the Power On Data line. 
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10-3-2. Ist Mixer Block (MEP-343) (Circuit diagram No. 50) 


From 
RFATT 


(1) 


(2) 


o 


From YIG OSC.SEC 
2-4 GHz ist L.O. 


Fig. 10-4 lst Mixer block diagram 


The lst mixer block contains a first mixer and input /output 


interface. 


1.8 Gl low-pass filter (LPF) 

The 1.8 GHz LPF consists of balanced microstrip lines which 
constitute a 15-stage Chebyshev filter array. 

First mixer BTB-010136 (Circuit diagram No. 51) 
Double-balance mixer whose characteristics significantly affect 
the frequency response flatness, higher harmonic distortion, and 
gain compression level. The diode bridge uses eight Schottky 


diodes. 


LOCAL PORT 


SIGNAL 
PORT 

& 

IF PORT 


Fig. 10-5 First mixer 
Input signal frequency ranges from 50 Hz to 1800 MHz, while 
local oscillator (first local oscillator) frequency ranges from 


2.046 to 3-846 GHz (+20 dBm or more), and the resulting 


intermediate frequency is 2.046 GHz. 
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(3) 


Interface 

The interface amplifies only the 2.046 GH component out of the 
IF signal output of the first mixer to prevent spurious 
interference by other frequencies. It consists of a band-pass 


filter and other components (see Figure 10-4), and has a minimm 


gain of O GB. 


10-3-3. YIG Oscillator Block (MEP-341) (Circuit diagram No. 44) 


From 
YIG I/O 


(1) 


C2) 


(+13 dBm) (+11 dBm) 


YIG to lst 
Driver © MIXER 
+20 dBm 


to lst LO. to TG ISOLATION 
PLL 
(+5 dBm) (+3 dBm) 


Fig. 10-6 YIG Oscillator block diagram 


YIG Oscillator 

The first local oscillator in the TR4172 is a YIG oscillator 
covering an output frequency range from 2 to 4 GHz. the YIG 
oscillator is essentially a sweep oscillator characterized by 
output purity, low hysterisis, and high linearity. ‘he output 
level at its output terminal is more than +13 dBm over the 
entire frequency range. 

2 to 4 GH coupler 

This coupler is used to branch the YIG OSC output into the TG 
and first local phase lock loop blocks. Each branching path has 
coupling losses of -10 dB and -8 dB respectively, and the 
resulting output levels at the coupler's outputs are +3 dBm and 
+5 dBm respectively. The output to the first mixer has a level 


of +11 dBm. 
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(3) 2 to 4 GHz power amplifier 
The power amplifier amplifies the output of the coupler to 
+20 dBm or more, the level required for the local oscillator 
input to the first mixer. The maximum supply voltage to the 
power amplifier is +10 Vdc. 
(4) YIG OSCILLATOR DRIVER) BLC-010224 (Circuit diagram No. 45) 
The YIG oscillator contains main and FM drive coils. Its output 
frequency is controlled by driving these coils according to the 
data furnished from the YIG I/O board (BGN-010219). The 
controllable ranges for each coil are as follows: 
Main coil Span >10 MHz: Sweep, tune 
Span <10 MHz: Fixed 
FM coil 10 MHz = Span > 500 kHz: Sweep, tune 
Span S500 kHz: Tune fixed, PLL 
ates = ‘ voltage 
These ranges are controlled by the CPU via the YIG 1/0 board's 


control line. 
10-3-4. Standard Block (MEP—342) (Circuit diagram No. 46) 


(1) Timebase BLB-010134 (Circuit diagram No. 47) 


IO) MHz 10 MHz 10 MHz 10 MHZ STD 
pi aes? ceramic Xtal Buffer oo. 
One shot filter AMP. filter filter 


to Counter 
POUUSE RPI: 
ile) Suatel ISS ihr 
50 MHz 


INT STD OUT 


to 50 MHz STD. 


Fig. 10-7 Timebase generator block diagram 
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The timebase generator generates a 5 MHz timebase signal (TTL 
conpatible) by its quartz-controlled oscillator, whose output is 
first waveform shaped, then converted into a 10 MHz signal by 
ceramic filters and amplifier. ‘The output of the second ceramic 
filter goes through a 10 MHz crystal filter to reject noise 
components before being delivered to each block in TTL 
compatible level. 

The output of the timebase oscillator can be directly tested at 
the INT. STD OUTPUT (J4) terminal on the rear of the instrument. 
50 MHz Standard BLB-010135 (Circuit diagram No. 48) 

A 50 MHz calibration signal for level and frequency reference is 
generated by 50 MHz Standard and output to the CAL. OUT. 
connector on the front panel. Its level is -20 dBm +0.3 dB, and 


its frequency stability depends on that of 


—the timebase master cfystal oscillator. 


CAL. 
OUIie 
-20 dBm 


Fig. 10-8 50 MHz Standard 


The generator mltiplies the 10 MHz TTL input from the timebase 
oscillator by five into 50 MHz, and then rejects unnecessary 
frequency components by the following band-pass filters. To 
stabilize the output level, an auto level control (ALC) loop is 


formed around the second and third amplifiers. 
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10-3-5. 


RF Block MEP-345 (Circuit diagram No. 52) 


The RF block consists of a second local oscillator, fourth local 
oscillator, second mixer, third mixer, fourth mixer, IF gain control 
amplifier, and so forth. It converts down the 2.05 GH IF signal 
form the first mixer block and outputs the final IF signal of 

3.33 MHz. Figure 10-9 shows the block diagram of the RF blocks 
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2nd local oscillator 

The 2nd local oscillator provides an output frequency of 

1.84 GHz, which is obtained by mltiplying a 204.4 MHz output of 
the quartz-controlled oscillator by nine. It furnishes its 
output to the second mixer and TG 2nd local oscillator. 

The quartz oscillator output of 204.4 MH is first multiplied by 
36 

The output of the multiplier goes through a buffer amplifier and 
a band-pass filter (BPF) to boost the signal level to more than 
+10 dBm. It is then applied to a step recovery diode to 
generate the 1.84 GHz frequency component. The output of the 
diode goes through a high-pass filter (HPF) and a 1.84 GH& tuned 
amplifier before it is branched into the two paths to the second 
mixer and TG. The output to the second mixer goes through a 
1.84 GHz BPF and 1.84 GHz tuned-amplifier before being coupled 
to the mixer. Part of the 204 MH quartz oscillator output is 
coupled to the counter block via a buffer amplifier. ‘his 
output is counted by the CPU and used for center frequency setup 
or 2nd local oscillator maintenance. 

Second mixer 

The second mixer is the single balanced type. It mixes the 
first IF signal of 2.046 GHz (from the first mixer block) with 
the second local oscillator output of 1.84 GHz to create the 


second IF signal of 206 MHz. ‘his second IF signal is output 
via a 220 MH LPF. 


Second IF tuned amplifier and BPF 

The second IF tuned amplifier compensates for losses in the 
second mixer and 206 MHz BPF of improve signal-to-noise ratio. 
It has a gain of 14 dB, and deals with the highest signal in the 
TR4172's signal paths. ‘he 206 MHz BPF is a 4-stage herical 
bandpass filter. 

Third mixer 

The third mixer mixes the second IF signal of 206 MHz with the 
third local oscillator output to create the third IF signal of 
30 MHz. It is a high-level, double-balanced mixer using diode 


resistance. 


LO eae 


=e j = 
2 - =e 
Pa) | 


~ojallisa@ Jagel Sat 

iq toisiilseo fesel eset ot 
utdo of dala Abe Pe.4 

(ovine okey ody 

croton S82 @2 Dn 7 


a it1569 EIeaep Pus 


1 V1 beets 
‘nts «a 

. £ 2 
Ng7esee 81. 


o¢ie hemwe 
‘ee @€ @Aa 12 
dita. Lecgty O° StLeRT 

123i hh epeqared 

seaia. hci 

noses ald aoxia te ake bu a? as 
3 tuqteo tagel L2c0e0 Janes ates 


éush jlovel=dgtaoe el oF ate Oe 


: | | ti = ot am : 


= 4 Jes. 


1 0-3-6 e 


(5) 


(6) 


C7) 


(8) 


Level correction amplifier 

Level correction is accomplished by the CAL screwdriver control 
on the front panel and the sweep signal to compensate to change 
the gain of this amplifier. 

30 MHz BPF switching circuit 

This circuit switches the 30 MH BPF signal paths between RBW 

1 MHz, RBW 300 kHz or below to eliminate unnecessary frequency 
components. 

Fourth local oscillator and 33.33 MHz quartz-controlled 
oscillator 

The fourth local oscillator is a colpitts type quartz-controlled 
oscillator. ‘he output is branched via a buffer amplifier into 
three paths to the 4th local oscillator, TG, and counter. The 
output to the 4th local oscillator is further amplified for 
high-level mixing before being coupled to the fourth mixer. 
Fourth mixer 

The fourth mixer mixes the third IF signal of 30 MHz with the 
fourth local oscillator output of 33.3 MHz to provide the final 
IF signal of 3.33 MHz. 


Figure 10-10 shows RF Section level diagram. 
lst Local PLL Block (MEP-348) (Circuit diagram No. 64) 


The YIG oscillator output may be affected by noise interference when 


the frequency span is narrowed down. ‘The first local oscillator PLL 


block stabilizes this YIG oscillator (first local OSC) output against 


noise interference by means of the PLL technique. Figure 10-11 shows 


the block diagram. The PLL block is activated when a frequency span 


of 500 kHz or less is selected. 
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Fig. 10-11 First Local PLL block diagram 


(1) Isolation amplifier BTB-010113x01/02) (Circuit diagram No. 65) 
Buffer amplifier for the first local signal of 2-4 GHz furnished 
from the YIG oscillator block. It consists of a three-stage 
transistor amplifier and three 3-dB attenuators to provide 
electrical isolation between the 100/101 MHz signal and the YIG 


section. 
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100/101 MHz oscillator BLC-010115 (Circuit diagram No. 67) 

The phase locked loop (PLL) performs phase comparison between 
the output of a given oscillator and that of a reference 
oscillator to "lock" the frequency of the former oscillator to 
that of the reference oscillator. the first PLL block in the 
TR4172 uses two quartz-controlled oscillators of 100 M& and 

101 MHz each, for the reference oscillators. One of the two 
reference oscillators is selected depending on center frequency 
setting. Figure 10-12 shows the selection VS center frequency. 
The two oscillators are necessary to eliminate the dead zone of 
the IF signal output between 2 and 4 GHz and to permit formation 
of phase locked loop at any frequency. 

The outputs of these crystal oscillators are input to the 
100/101 M& PLL networks (described later) to construct another 
phase locked loop which reference the 10 MHz time base frequency. 
The outputs of the two oscillators are amplified to more than 


+20 dBm and coupled to the first PLL pulse generator. 
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Fig. 10-12 1TR4172 LOCK N value 
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Fig. 10-12 TR4172 LOCK N value (Cont'd) 
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Comments on Figure 10-12 


"M" in the figure means "MHz". 
N value corresponding to center frequency, which is indicated by 10 
MHz interval in this figure, is identified with the numerical 
Characters marked at lower side of the 100 MHz N or 101 MHz N value 
scale. 
Therefore, 101 MHz N value is 26 at 0 MHz center frequency, and 

100 MHz N value is 6 at 260 MHz center frequency, 

for example. 
N value counts up/down one by one as center frequency varies by 1] 


MHz. 


Therefore, N value at 26 MHz center frequency is determined; 


- 6 = 28 , for example. 
(c.f.: N = 34 at 20 MHz center frequency, and 
N 24 at 30 MHz center frequency.) 
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100/101 MHz PLL BLB-010120 (Circuit diagram No. 72) 

As mentioned in paragraph (2), PLL networks are provided for the 
100/101 MHz quartz-controlled oscillators using the 10 MHz time 
base frequency as a reference. The 10 MHz time base goes 
through a 1/2 divider and then x7 and x3 mltiplier to generate 
a 105 Mi signal. This 105 MHz is mixed with the 100/101 MH to 
generate 5 MHz/4 MHz IF signals. These IF signals are then 
divided by 5 and 4 respectively, and are compared, in terms of 
phase, with 1/10 (1 MHz) the time base frequency. ‘The 
comparison result couples to an LPF to create control voltages. 
These control voltages are fed back to the 100/101 MHz 
oscillators to form PLL networks. 

2 - 4 GHz PULSE GENERATOR BTB-010114 (Circuit diagram No. 66) 
The 100/101 M& oscillator outputs are applied to step recovery 
diodes to generate a combpsignal of 2 to 4 GHz for the 

100/101 Mi signals. The 2 to 4 GHz comb signal has a minimm 
level of -—25 dBm. 

1st LOCAL MIXER BLB-010116 (Circuit diagram No. 68) 

Mixes the 2 to 4 G& first local oscillator output from the 
isolation amplifier with the 100/101 MHz COM signal to generate 
a 6 to 44 MB IF signal. This IF signal is taken out through a 
45 MHz LPF. 

Digital phase detector BLB-010118 (Circuit diagram No. 70) 

The IF signal output (6 to 44 MHz) of the first PLL mixer is 
converted to TTL level by an isolation amplifier and Schmitt 
trigger circuit. It is then divided by 2 and coupled to a 
dividing-by-N divider where it is frequency divided according to 
the dividing data furnished by the CPU. The signal is then 
assigned a + or - sign and coupled to the phase detector input. 
Since the input signal was divided by two before being coupled 
to the 1/N divider, the lst local OSC output can be phase locked 
at 1MHz intervals if the reference signal is also divided by 2, 


that is, to 500 kHz. 
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The + or - sign determines to which input (of the two phase 
detector inputs) the reference signal is to be applied according 
to the information indicating whether the setup center frequency 
is higher or lower than the 100 and 101 MHz comb signal since 
the same IF signal may be output at two different center 
frequency settings. (See Figure 10-13.) The phase detector 


output is coupled to a PLL filter via an active LPF. 


(7) PLL filter BLB-010119 (Circuit diagram No. 71) 
The output of the digital phase detector is applied to the FM 
port of the YIG driver via this PLL filter to form a PLL loop. 


Third Local Block (MEP—347) 


Figure 10-14 shows the configuration of the third local block 
oscillator. This block contains a sweep oscillator which is 
activated at a frequency span below 500 kHz. It consists of five 
boards: 23 MHz VCO, 2 MHz VCO, 39 MHx mixer, 176 MHz mixer, and third 
local PLL. The third local block is controlled by the control 

signal from the 3rd Local Oscillator I/0. 
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Fig. 10-13 Third local OSC block (MEP-347) 
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23 MHz VCO BLC-010101 (Circuit diagram No. 61) 

A VCO output of 230 MHz is divided by 10 to create the output of 
this board and to improve phase noise characteristics. A cable 
with good vibration resistance and high Q is used for 
oscillator's inductance, while a varicap diode with good 
linearity is used for capacitance. The VCO control voltage is 
furnished from the third local I/O block (BGN-010221), and is 
coupled to the VCO diode via a lineanarizer. The VCO generates 
a frequency between 23 MHz +1 MHz by accepting a control voltage 
ELOMGE Ie. 

The output of the VCO is divided by 5 and then 2 into 23 ME, 
which is then coupled to the 150 MHz mixer (to be described 
later) via an LPF. Part of the VCO output is coupled to the 
counter block via a switch. 

When frequency span of 50 kHz or below is selected, the VCO 
outputs a 46 MHz signal (after only divided by 5) which is used 
to form a PLL loop with the 2 M& VCO (to be described in the 
following). 

2 MHz VCO BLC-010102 (Circuit diagram No. 62) 

The 2 MH VCO has the same oscillator configuration as the 

23 MHz VCO, with the exception that the oscillator of the former 
VCO oscillates 200 MHz. The oscillator output is divided by 5 
and then 20 into 2 MHz, coupled to the 39 MHz mixer via an LPF, 
forming a PLL loop with the 23 MHz VCO. The output of the 1/5 
divider also goes to the counter block. When a frequency span 
of 10 kHz, or below is selected, a capacitor is added to the 
drive voltage line to eliminate drive voltage noise. 

The 2 MHz OSC oscillates a frequency between 2 MHz +100 kHz by 
accepting a control voltage from 1 to 9 V. 

39 MHz mixer BLC-010100 (Circuit diagram No. 60) 

Mixes the 39 MHz crystal oscillator output with the 2 Mk VCO 
output to create a 41 MHz signal, which is output via a BPF. 
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(4) Third local PLL BLC-010103 (Circuit diagram No. 63) 
The third local PLL mixes the 46 MH output of the 23 MHz VCO 
with the 41 MHz mixer output (described just above) to generate 
a 5 MHz IF signal. This IF signal is doubled into 10 Mi and 
then coupled to a 1/N divider. ‘he output of the divider is 
phase-compared with a 200 kHz reference signal (obtained by 
dividing-by-50 the 10 MHz time base signal). ‘The comparison 
result goes through an LPF, then couples to the control input of 
the 23 MHz VCO. If, at this time, the output of the 2 MHz VCO 
is swept over, the 23 MHz VCO also sweeps while maintaining 
phase lock. ‘his sweep is effective at a frequency span of 
50 kHz or below. 

(5) 176 MHz Mixer* BLC-010099 (Circuit diagram No. 59) 
Mixes a quartz OSC output of 153.333 MHz with the 23 MHz VCO 
output to create the final 176 MHz +1 MHz output of the third 
local OSC. 
The output is coupled to the RF and TG blocks after amp lified 
and passing through a BPF. ‘he output of the 153.333 MHz OSC 


output is also applied to the counter block. 
Tracking Generator Block (MEP-346) (Circuit diagram No. 54) 


In the tracking generator, the outputs of the four internal local 
oscillators are beaded up in the direction reverse to the spectrum 
analyzer configuration and are Swept over the set up frequency span 
on both sides of the center frequency. ‘he output of the tracking 
generator covers a frequency range between 400 kHz and 1.8 GHz. To 
obtain a level deviation of less than +0.7 dB p-p, it uses an ALC 
loop. 


Figure 10-14 shows the configuration of the tracking generator block. 
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Fig. 10-14 Tracking generator block 
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Tracking generator 2 BLJ-010129 (Circuit diagram No. 56) 

The tracking generator contains a 3.333 MHz VCXO. When the RBW 
is narrowed down with the front T.G. FREQ. ADJ. control, the 
resulting tracking error is corrected by this block. For phase 
measurement, the 3.33 MHz output of this VCXO is used as one of 
the reference frequencies. 

In the Normal mode, the output of the 3.33 MHz oscillator goes 
through an LPF and is then mixed with the fourth local OSC 
output coming from the RF block to create the TG lst IF signal 
of 30 Miz. This IF signal goes through an amplifier and BPF, 
then couples to the following mixer via an FET attenuator for 
ALC. 

The 30 MHz IF band-pass filter must have a pass bandwidth of 
approximately 2 MHz, since the operation level during tune 
amplifier operation is +15 dB higher than the noise level at an 
RBW of 1 MHz. ‘The ALC control voltage is furnished from the 
Tracking Generator 1. 

The 176 MHz output of the third local oscillator is coupled to 
the TG second mixer via an isolation amplifier and is converted 
into the 2nd IF signal of 206 MHz. This IF signal is coupled to 
the Tracking Generator 3 via a BPF. 

Tracking Generator 3  BTB-010130 (Circuit diagram No. 57) 

The 206 MHz TG second IF signal furnished from Tracking 
Generator 2 is coupled to the TG third mixer (via an LPF), where 
it is mixed with the 2nd local oscillator output of 1.84 Ghz 
furnished from the RF block via a BPF and isolation amplifier, 
to create the third IF signal of 2.046 GHz. 

2.046 GHz isolation amplifier and BPF 

The 2.046 GHz IF signal is output to Tracking Generator 1 via a 
2.046 GHz tuned amplifier, BPF, and 2.2 GHz LPF. The tuned 


amplifier, BPF, and LPF are contained in a hybrid module. 
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Tracking Generator 1 pTF-010128 (Circuit diagram No. 55) 

The third TG IF signal of 2.046 GHz furnished from the above BPF 
is coupled to the TG final 4th mixer, where it is mixed with the 
first local OSC output of 2 - 4 GHz coming from the 3.9 GHz LPF 
block, to create the final TG output of 400 kHz to 1.8 GHz. 

This output is amplified by a three-stage video amplifier after 
passing through a 1.8 GHz LPF. The output to the counter is 
taken out from the middle of this video amplifier via a 
distributor. 

The output level of the video amplifier is detected by a level 
detector and fed back to the FET attenuator in Tracking 
Generator 2 to form an ALC loop. The output of the tracking 
generator 1 is fixed at 0 dBm, and is coupled to the front panel 


connector via a TG attenuator. 


& 


3.9 GHz LPF Block (MEP-351) (Circuit diagram No. 76) 


The 2-4 GHz first local oscillator output for TG is furnished froma 
coupler in the YIG block to this 3.9 GHz LPF block. It then goes 
through a 2-4 GHz isolation amplifier and a 3.9 GHz LPF (wh ich 


rejects second and higher harmonics) before output to the TG-l block. 


Counter Block (MEP-349) (Circuit diagram No. 73) 


The counter block consists of a counter and counter switche As shown 


in Figure 10-16. ‘his block is used for center frequency setup or 


frequency measurement in the counter mode. 
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(1) Counter (BLJ-010131) (Circuit diagram No. 74) 
This counter covers a frequency range from 400 kHz to 1500 MHz. 
It has two inputs accepting the TG output and the output of the 
counter switch (Input-1 and Input-2). The TG output signal 
applied to Input-1 is amplified to a level adequate to drive the 
counter, goes through a Schmitt trigger circuit, divided by 4 
and 2, and then coupled to the counter via a gate logic. 
Counter data and gate time setup information is furnished from 
the CPU via the ATT I/O block by the READ or WRITE signal. 
The signal for Input-2 is switched before the gate logic and 
treated in much the same way as the Input-1 signal. 
(2) Counter switch (BLB-010505) (MEP-400) (Circuit diagram No. 75) 
The counter switch selects one of the outputs of the third block 
_2 MHz vcO, 23 MHz VCO, first IF, RF block 204 MHz OSC, RF block 
33.33 MHz, and third block 153.3 MHz, and couples it to the 


internal counter to read the selected output frequency. 
Attenuator 1/0 (BGN-010220) (Circuit diagram No. 38) 


This board takes out the following control data from the data bus to 

provide the corresponding control functions: 

(1) Counter switch control 

(2) Counter data send and receive 

(3) TG attenuator control 

(4) RF attenuator control 

(5) DC-AC couple switching, Input 1 or 2 switching, and frequency 
response compensation 

The frequency response compensation circuit creates a voltage to 

control the RF block gain according to the sweep and calibration 

signals to compensate for the frequency response slopes of the TR4172 

attenuator, mixer, and so on. The addresses and data for each 


control signal are listed in Table 10-2. 
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Table 10-2 Attenuator I/O address and data 


ADDRESS 


Pape 
fo [0 [0 |tomter svecletim —id| 
eee a 
onal tated eh Counter data in/out 

a Tracking Generator Attenuator 


RF input Attenuator 


21S ion input select, RF level correction internal- 
standard ON/OFF, RF BW select. 
oy Lock Interrupt Read 


1) COUNTER SW SELECTION 


ET 
Se 
Pofofofololeololilream | 
© JY ON = | 
rofof of ol oft) ol] o |i wom Sto wie 
Pofefofoli[olo]o [an toc 333m | 
Pofofofs| ol ol) ol o | sa tom 153.33 wie _—| 
Popo] afofol ooo | sca tocar 25 wis veo about 23 ie | 
Popa of ol] of of of 0 | sea toca 2 mie veo about 2 Mie | 


tefefefefe [ele [ase wan aw 


BOE, 30 


2) COUNTER CONTROL FUNCTION 


DATA bit 


peels p fe 
a 
TTT Pe [evinces tnterrene emabie 
Ee 
Pe ae 
rope] [op pt | counter eine tae 
copay ptt | counter tine base 10 
5 a 
a 


3) GATT. 4) RF ATT 


yh ie 8 


58, DC CUT, INPUT SELECT, RF LEVEL CORRECTION, INTERNAL STD. ON/OFF RF 
BW SELECT. 


ee ei 

eas ee ea i al] 25)/ 729) No 

CS Si ae 2 

eee a 
Pt peta tat |e cave correction 


— RF BW SELECT (IF RBW 300 kHz to 
10 Hz/1l MHz 


Fr 


ls: approximately +5 V 
0: approximately 0 V 


10-3-12. YIG OSCILLATOR I/O BGN-010219 (Circuit diagram No. 37) 


This board takes out the following data from the data bus to provide 
the corresponding control functions: 
(1) YIG OSC main tuning data 
(2) YIG OSC FM tuning data 
(3) YIG OSC sweep variable 
(4) Sweep control (sweep attenuation, MAIN, FM, third sweep A, 
and third sweep B) 
(5) YIG) driver control 
(6) First PLL block control 
(7) Reference voltage source of +10 Vdc 
The data given in item 1, 2, and 3 above are converted from digital 
codes into the corresponding analog voltages, which are then applied 
to the YIG driver. 
The addresses, data, and output voltages for each control signal are 


listed in Table 10-3. 
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Table 10-3 YIG I/O address and data 


ADDRESS 


CONTROL FUNCTION 
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3) lst LOCAL LOCK (100 MHz/101 MHz) CONTROL 


DATA bit 


fame cara be 
7ie|s{a[3fefijo 
CE ee 
Pot to tt Pot tt too wies101 wuz tock * 

pelea oo) a [asco N=4 

Ptat TT TP [tse nocan tr counter yreur 
ol Ee 


l: approximately +5 V 
0: approximately OV 


FUNCTION 


10-3-13. Third Local I/O Board -BEN-010221-.(Circuit.diagram No. 39) 


This board takes out the following data from the data bus to provide 
the corresponding control functions for the third local block and TG 
block: 

(1) Third Local Tune 1 

(2) Third Local Tune 2 

(3) Third Local Tune 3 

(4) Third Local PLL 1/N Data 

(5) Third Local Control (PLL, filter, counter switch) 

(6) TG Control (Normal, Tune, Phase) 

Tunes 1, 2, and 3 are used to set up the tuning voltages for the 

23 MHz VCO and 2 MHz VCO by adding them to the sweep signal furnished 
from the YIG I/O board. The addresses, data, and output voltages of 


each control signal are listed in Table 10-4. 
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Table 10-4 Third Local I/O address and data 
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10-3-14. RF Section Power Supply (Mother, RF Power ) 


BLK-0 10226 BLF-010370 
The RF section contains the following DC supply voltages: 

elo yg +15 EV, 15 Vy andy +5 Vv 
The +12 VDC is supplied to the thermostatic oven for the time base 
quartz-controlled oscillator and for memory back-up. It is left 
active as long as the power cable of the instrument is plugged into 
an AC power source. Note that unregulated voltages are also 
available. Each DC supply circuit has its own fuse and thermostat 


just before each voltage regulator. 


10-4. DISPLAY SECTION FUNCTIONAL BLOCK DESCRIPTION 


10-4-1. 


IF Block (MEP-338) BLP-010229 (Circuit diagram No. 25, 26) 
‘BLP-010230 (Circuit diagram No. 27, 28, 29) 


The IF block consists of an RBW to display the 3.33 MHz IF signal 
from the RF section, amplifier (with 10 dB gain) to control reference 
levels, and attenuators. 


Figure 10-17 shows the configuration. 
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Fig. 10-16 IF block configuration 
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The IF block is divided into IF-I and IF-II boards. The IF-I board 
holds three LC filters and four quartz filters. It performs RBW 
selection and signal path switching according to the control signal 
furnished from the IF-II board. The IF-II Board holds a 10 dB 
amplifier, attenuators with 1 and 0.1 dB steps, two LC filters, four 
quartz filters, and control circuit. Table 10-5 shows the control 


signals. 


Table 10-5 IF control signals address and data 


ADDRESS 


CONTROL FUNCTION 
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10-4-2. Logarithmic Amplifier Block (MEP-337) BLP-010231 
(Circuit diagram No. 30) 


Figure 10-18 shows the Log Amplifier block configuration. 
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The Log Amplifier compresses the output of the IF block into 
logarithmic scale, and converts it into DC voltage. 

In the Log mode, the 3.33 MHz IF signal is coupled to IC3 and IC4, 
where it is amplified by 60 dB. The output of these ICs are coupled 
to ICl and I@2, where it is compressed into logarithmic scale. ICl 
and IC2 handle signal levels between -60 and -100 dB, while IC3 and 
IC4 handle those between 0 and -50 dB. 

The output of these IC] and IC2 are added by IC5 and IC6 and 
converted to be de voltage and output. 

In the Linear mode, the 3.33 MHz IF signal is coupled to a linear 
amplifier with 10 dB step gain, where it is amplified, and then 
detected before output. 

In the QP mode, the output voltage obtained in the Log mode is added 
to that obtained in the Linear mode. ‘The resulting signal is output 
after adding the charging/discharging time constants specified in the 
C.I.S.P.L. standard. 


Phase Block (MEP—339) BLP-010205 (Circuit diagram No. 31, 32) 


Figure 10-18 shows the phase block configuration. 
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10-4-4. 


On the TR4172, phase information is displayed on its video monitor be 
exercising phase comparison between the TG time base signal of 
3.333 MHz and the final IF signal (i.e. the output of the Log Amp.) 
for the input signal. 

The time base signal of 3.333 MHz furnished from the tracking 
generator is first divided by 20 into 166 kHz. It then goes to a 
phase shifter circuit for electrical length compensation, where the 
signal phase is made variable, before being mltiplied again by 20 
into 3.333 MH. This 3.333 MHz time base signal and another 

3.333 MHz IF signal from the Log Amplifier are both down-converted 
with a 3.30 MHz local frequency into 33 kHz, which is coupled to a 
phase detector. ‘he output of the phase detector is output to the 
analog I/O board (to be described later) via an LPF. 

To detect and display small phase differences, a 33.33 MHz (which is 
obtained by multiplying-by-10 the 3.333 MHz IF signal from the Log 
Amp.) and the 3.333 MHz time base signal (which is obtained by 
multiplying-by-9 the 30.000 MHzIF signal from the TG) are mixed 
together into 3.33 MHz when the phase range is 4 deg/div. or below. 
This 3.33 MHz is phase-compared with the 3.33 MHz time base signal 
from the tracking generator. As a result, a phase difference ten 
times larger can be obtained, which allows display of small phase 


differences. 
CRT Driver (BGK-010184) (Circuit diagram No. 10) 


The CRT driver accepts the X and Y signals from the analog I/0 board 

to drive the CRT display. It contains a CRT bias voltage, blanking, 

dynamic focus, and other circuits. 

Along with the blanking function, the blanking circuit also provides 

a function to intensify only signal response traces on the display by 
using the AY signal supplied from the analog I/O board, so that the 

traces are clearly visible in contrast with other information display 
(such as messages, labels, or scale). 

In order to compensate for the focus characteristics of the CRT, the 

dynamic focus circuit uses a ramp voltage to control the focus 


voltage to obtain even focus over the entire screen. 
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10-4-5. High Voltage (BLP-010204) (Circuit diagram No. 9) 


This circuit generates high voltage for the CRT. Figure 10-20 shows 
the circuit configuration. Table 10-6 shows typical CRT bias 


voltages. 


A 
Or i2=T3a KV 


ie hie MONS aye 
Level 


Control 7 FOCUS LIMIT 
oO Rectifi- 
E cation ale 
HV. OSC 2 | 
4 Pl 
= Level 
30 kHz i. Shift : 
HH 
BOE 
P-p > K 
. O-3.00 kV 


. Level 
Shart 


Intensity Focus 


Fig. 10-19 High voltage circuit configuration 
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Table 10-6 CRT bias voltage 


COL PDS 


12 to 13 kV 
k =3 KV 
G, -3 to -3.1 kV 
Go 68 to 88 V 
Pi -2.4 kV 
P. Oston135_V 


ISD Oto 35 AV. 
COL OEtorl35iV 
PDS Ogtorls5. V 
H 6.15 V RMS 


A sine wave of approximately 30 kHz in frequency and 30 Vp-p in 
amplitude is generated by a blocking oscillator. ‘The output of this 
oscillator is stepped up by a high voltage transformer into 
approximate ly -3 kV, which is used as a cathode voltage for the CRT. 
Part of this voltage is fed back to the oscillator to stabilize the 
oscillation. 

An anode voltage is boosted by the booster block into +12 to +13 kV. 
The intensity and focus voltages furnished from the CRT driver 
control the potentials at Gl and Pl electrodes of the CRT 


respective ly. 
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10-4-6. 


1 0-4-7 ° 


Ramp Generator (BGP-010185) (Circuit diagram No. 11) 


The ramp generator consists of a saw-tooth generator for X-axis sweep 
and a sweep trigger circuit. Sweep time can be set up between 1 us 
and 1000 sec either by controlling the input current to the 
integrating circuit (by means of a D-A converter) or switching the 
integrating capacitors and input resistors. The output voltage to 
the display section is from -5 V to +5 V, while that to the RF 


section is from +5 V to -5 V. 
Analog I/O (BGP-010186) (Circuit diagram No. 12) 


The analog I/0 board contains a DC amplifier section which performs 
A-D conversion on the input signal from the LOG and Phase blocks, and 
line generator, character display, and scale display sections which, 
in combination, processe the X and Y signals furnished from the D/A 


board and outputs to the CRT driver. 


(1) Log Mag Amp section 
Consists of a DC amplifier for switching between 10, 5, 2, and 
1 dB. 

(2) Phase, GD Mag Amp section 
Consists of a DC amplifier for switching between 80, 40, 20, 
sieaeel Os 2 devs iv. 

(3) Video Filter section 
1 MHz to 1 Hz LPF and 1-3 step switching circuit. 
The outputs of these three circuits are output to the A/D board, 
where they are converted into digital codes and processed by the 
CPU. 

(4) Line generator section 
This section contains an integration circuit which smoothes the 
step-like output of the D/A converter. 

(5) Character display section 
This section adds character voltage to the X and Y voltages from 
the D/A board to display character information, such as labels 


or readouts, on the display. 
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10-4-8. 


(6) 


Graticule display section 
This section displays the graticule of 10 x 10 divisions on the 


screene 


See paragraph 10-4-14 for basic display operations. 


A-D Converter Section (BGP-010187) (Circuit diagram No. 13) 


ce!) 


2) 


A-D converter 

A~D converter section contains a peak detector (for the Y signal 
furnished from the analog I/O board) and A-D converter. It 
converts the X signal (furnished from the ramp generator) into 
digital code and outputs it on the data bus. 

Peak detector circuit 

There are four detection modes: Normal, Positive, Negative, and 
Sample modes. -The Normal mode detects whether the input voltage 
is increasing or decreasing. If the voltage is increasing, it 
automatically selects the positive detector; if the voltage is 
decreasing, it automatically selects the negative detector. In 
either case, the detector holds the peak level. 


Figure 10-20 shows the circuit operation timing. 


ais Eee 


——-— NORMAL MODE PEAK DETECTOR 
SAMPLE HOLD VOLTAGE 


SAMPLING TIMING 


| | | | | _.. SLOPE MODE + 


Fig. 10-20 Peak detector normal mode timing chart 
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(3) A/D converter circuit 


The voltage beld by the detector circuit is analog —-to dipital 
converted by a successive approximation A-D converter to 
generate a Y signal. The ramp voltage is analog — to digital 
converted by a follow up approximation A-D converter to generate 


an X signal. 
D/A Converter (BGP-010188) (Circuit diagram No. 14) 


The D/A converter reads data in the spectrum, character, line, and 
some other display modes (to be described later) by a control signal 
furnisbed from the display controller, converts it into the X and Y 


signals, and outputs them to the analog I/O board. 
Display Control (BGP-010189) (Circuit diagram No. 15) 


Tbe display control provides various display control signals and 
timing to display data in different display modes which will be 


described later. 
1/0 and GP-IB (BGP-010190) (Circuit diagram No. 16, 17) 


The I/O and GP-IB section consists of the following five circuits: 

(1) CS signal generator for each I/O in the display and RF sections. 
The CS signal is used to activate the function selected from the 
keyboard. 

(2) Timing controller for control signals 

(3) Interrupt input circuit 

(4) Address bus control for D/A board memory 

(5) GP-IB interface (TMS9914) 


CPU (BGP-010191) (Circuit diagram No. 19, 20) 
The CPU section consists of a Z80 processor, ROM (8 kbytes), RAMs (64 


kbytes dynamic RAM, which bolds data after A/D conversion), clock 


generator, reset circuit, and others. 
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10-4-13. Memory Key Control (BGP-010192) (Circuit diagram No. 21, 22) 


This section consists of 64 kbyte-ROMs, 8 kbyte-RAM and key control 
CIrcult. 

The 8 kbyte-RAM is used for data save and recall operations. It is 
backed up by an internal battery so its contents are left intact even 
when the instrument is switched off. The battery can hold the memory 
contents for approximately two weeks. 

The key control provides all control over all the keys on the display 


and RF sections, LED indicators, and data read operations using the 


a DATA knob. 


10-4-14. Display Operation 


The CRT display on the TR4172 uses the random scan system, in which 
information display is made by specifying the X and Y coordinate 
values on the screen. The display modes include the following five 
modes: 

(1) Character display 

(2) Line display 

(3) Spectrum display 

(4) Graphic display 

(5) Analog display 


Each of these modes (jobs) is illustrated in Figure 10-22. 


oO 


character 


Spectrum 


Line 


Fig. 10-21 Display modes 


LO= 31 


Display operation starts with fetching the specified job contents 


from the job memory in the display control. Control signals and 


timings are determined according to this job memory contents, and are 


output to the analog I/O board. Figure 10-22 shows a flowchart for 


display operation. 


LOe~252 


Display flowchart 


START 
Job Memory Read 
Job Counter + l 


Yes 
Job CNT Reset 


Character Disp. 
Posi. Read 


Character Posi. 
CNT + 1 


Character Read 


Character CNT 


aracter No 
Disp.? 
+ 1 


Yes 
Character Bit 
Read 
Character Bit Character Bit 
CNUs Disp. 
Character 
Tee 


aracter 
“ke, 
aracter 
Disp. END 


Fig. 10-22 Display operation flowchart 
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Fig. 10-22 Display operation flowchart (Cont'd) 
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Fig. 10-22 Display operation flowchart (Cont'd) 
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Graphic Disp. 
Yes 
X Data Read 
Address CNT + 1 
Y Data Read 
Y Data > D/A 
Address CNT + 1 
raphic 
Disp END? 
Yes 


Line Ge Start 


Fig. 10-22 Display operation flowchart (Cont'd) 
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Character display 


Figure 10-23 shows a block diagram relating to character display 
operation. Character information includes all labels, setup 


information, and readouts on the display operation. 
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When a character is to be displayed, the pertinent data is 
fetched from the RAM (position) on the D-A board to determine 
the Y axis position, is subjected to A-D conversion, and then 
output as Y OUT signal (V(y)). To determine the X axis 
position, output from the character X position counter output is 
subject to D-A conversion, and then output as X OUT signal 
(V(y)). Then, the pertinent character data is fetched from the 
character RAM. The character data causes the pertinent 
character to be read from the character ROM. The CX and CY data 
(each 3 bits) for character display are then output to the 
analog I/O board, where they are each subject to D/A conversion 
into Vex and Vcy voltages, and added to Vx and Vy voltages to be 
shown on the display. 
After this operation sequence is executed to all the characters 
to be displayed, the control proceeds with the next job fetch. 
(2) Line display 
Figure 10-24 shows a block diagram relating to line display. 
The line display shows the graticule (10 x 10) and display line 
on the display. 


Latch 1 


——— Z| % Y our 
Y D/A mt diese < 
\ / 
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| 
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D BUS 
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FT ee Ea 
ANALOG 1/0 
MAIN 
COUNTER 


| 

| 

l Y-LINE 
DISPLAY | | 
CONT. | : 


X-LINE 


Fig. 10-24 Line display block diagram 
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(3) 


When an X line is to be displayed, RAM (position) data is set 
into latch 1, is subjected to D-A conversion, and is output as Y 
OUT voltage to determine the Y line position. An X line can be 
displayed if the switch is operated so that a ramp voltage is 
output from the analog I/O board. The X line display sequence 
is repeated 10 times before the Y line is displayed. For Y line 
display, the RAM data is set into latch 2, is subject to D/A 
conversion, and is output to X OUT to determine the Y line 
Operation. A ramp voltage is applied to Y OUT to display a 
single Y line. The Y line display sequence is repeated 10 times 
to display the complete graticule. 

The display line can be obtained in much the same way as the X 
line display operation. 

Spectrum display 


Figure 10-25 shows a block diagram relating to spectrum display. 
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The spectrum display mode is used for signal phase and response 
display. The X and Y signals which were subjected to A/D 
conversion on the A/D board, are first stored in the dynamic RAM 
on the CPU board, processed by CPU, then transferred to the 
static RAM on the D/A board. The static RAM includes memory A 
and B, either of which is selected according to panel setup. 
The contents of the RAM are set into X and Y latches, subject to 
D/A conversion, then output to the analog I/O board to be 
displayed. 

(4) Graphic display 
Figure 10-26 shows a block diagram pertaining to graphic display. 
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Fig. 10-26 Block diagram for graphic display 
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(5) 


Two pages of graphic display are supported by memories A and B. 
Each memory holds X data at address 0=0 and Y data at address 
0=1 respectively. Since each dot is assigned two bytes of data, 
the maximum number of data in one page is 512 points. X data is 
set into latch 3 when Address 0=0, while the contents of latch 3 
is set into latch 2 when Address 0=1 and Y data is set into 
latch 2. Data set into each latch subject to D/A conversion to 
provide a single point of display on the CRT. The graphic 
display as shown in Figure 10-27 is obtained by repeating the 
above sequence. 


Rg 


G(X¢@ Yq) 


Xx 


Fig. 10-27 Graphic display on the monitor | 


Analog display 

In the analog display mode, the video filter output on the 
analog I/O board is directly displayed on the monitor, with no 
digital processing performed on the display signal. This mode 
is effective only when zero frequency span and a sweep time of 


19 ms or less is selected. It may be convenient to check the 


modulation signal component on the time axis. 
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SECTION 11 
CALIBRATION AND ADJUSTMENT 


11-1. GENERAL 


This section describes the calibration procedure for the TR4172 Spectrum 
Analyzer. After the instrument is serviced, be sure to carry out 
performance check and calibration. 

For quick part identification, the part numbers and symbols printed or 
inscribed on PC boards or schematic diagrams are used throughout this 


section. 
11-2. PREPARATION AND GENERAL PRECAUTIONS 


The tools and instruments required for calibration are listed in the 
following table. Use the recommended instruments in the list or their 


equivalents. 
11-2-1. Tools and Instruments Required for Calibration 


Table 11-1 Measuring instruments required 


ae : Recommended 
Instrument Specifications 
model 


Synthesized signal | Frequency range: 500 kHz to 1000 MHz 
generator Output level: +10 to -30 dBm 
Output impedance: 50 & 
Output level flatness: +0.5 dB 
Frequency accuracy: 2 x 10-8 


Synthesized func- | Frequency range: 1 Hz to 20 MHz 
tion generator Output level: +10 to -30 dBm 
Output impedance: 50 & 
Output level flatness: +0.2 dB 
Frequency accuracy: Approx. 10-8 


Frequency counter: | Frequency range: Up to 4 GHz TR521 1 
Input level: +20 to -30 dBm (Takeda Riken) 
Input impedance: 50 x 
Frequency accuracy: 2 x 10-9 


a 
J 
, 
eo 
f 
\ 
i, 
AGsee 
‘¢7 
vast 
3 Se 4 


5 > YAasgonr® | “G0¥2 Sons esiisey’ 
vol sya) Wteisceg weld 
iw OC “caves Jegied | | ; 

vo t{eeaer%a) Lave] snqayd 

in tgof Ysa Twoss tzasHpex$ 


Table 11-1 Measuring instruments required (Cont'd) 


Sele : Recommended 
Instrument Specifications 
‘ model 


(4) Spectrum analyzer Input frequency range: 100 kHz to 4 GHz| TR4111A, 
with tracking Tracking generator output: 400 kHz to TR4151 

generator 2 GHz (Takeda 
T.G. output flantness: +1 dB Riken) 
Impedance: 50 2 


Frequency: 1 MHz, 50 kHz, 5 kHz 
Full power: Approx. 0 dBm 
Impedance: 50 & 


Marker generator 


Power meter Frequency range: 100 kHz to 1800 MHz 
Sensitivity: -30 to +20 dBm 
Accuracy: +0.2 dB 


Impedance: 50 


TR684 1 
(Takeda 
Riken) 


BSS NG Ma Wey 
(Takeda 
Riken) 


Measurement range: OV to +1000 V 


Digital voltmeter 
Accuracy +0.14 


Voltage range: More than 20 kV 
Impedance: More than 1000 Mx 


High voltage probe 


Frequency: Approx. 100MHz 
Sensitivity: 5mV 


Oscilloscope 


DC voltage 
standard 


Output voltage: +15 V 


High impedance 
probe 


Measurement range: DC to 500MHz 


Attenuator Frequency range: DC to 500 MHz 
Attenuation: 0-100 dB at 10 dB steps 
O-11 dB at 1 dB steps 
Accuracy: +0.2 dB at 10 dB steps 
+0.02 dB at 1 dB steps 


Impedance: 50 & 


Table 11-2 Jigs and tools required for adjustment 


Input cable BNC-BUC (Short)* 
Interconnecting cable BNC-BNC (Long)* 
Interconnecting cable BNC-SMA 


Interconnecting cable SMA-SMA 
Interconnecting cable BNC-UM 
Interconnecting cable UM-UM 
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Table 11-2 Jigs and tools required for adjustment (Cont'd) 


N (P) to BNC (J) conver- JUG201 JNG-20A/U* 
sion adapter 

UM to UM linear adapter 
SMA to SMA adapter 

Y Extender board 
> Extender board 
- Extender board 


UM-QA-JJ 
HRM-501 

(double, 28pins) 
(single, 22pins) 
(single, 28pins) 


Items marked with an asterisk (*) are standard 


supply accessories. 


11-3. PREPARATION 


(1) The local line voltage at which the instrument should be operated 
is 100, 120, 200 Vac +10% or 240 Vac +4%, -10% (50/60 Hz). 

(2) Before connecting the instrument to an AC outlet, be sure to set 
the POWER switch to STANDBY. 

(3) The calibration ambient temperature should be 20 to 30% at a 
relative bumidity of less than 80%. The calibration site should be 


free from dust, vibration, and noise. 


11-4. TIME BASE CALIBRATION 
The time base oscillator contained in the analyzer is calibrated before 
shipment. The frequency standard used for calibration has an absolute 
accuracy of 1 x 107'9 (secondary factory standard). When checking or 
calibrating the time base oscillator accuracy, use a frequency standard 


having the frequency accuracy equivalent to or better than the above 


mentioned absolute value. 
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Instruments required: Frequency standard (with absolute accuracy of more 
-10 
than 1 x 10 


Frequency comparator 


(1) The time base oscillator output has a 10 MHz frequency and a level 


of approximately 5 V (TTL compatible). When nl a keys 


SHIFT LABEL 
are pressed subsequently, the oscillator output is output at the 


INT. STD. OUTPUT (J4) connector on the rear of the instrument. The 
frequency accuracy of the oscillator output can be adjusted by the 
STD ADJ. screwdriver adjustment next to the J4 connector. 

(2) Prepare the measuring system as Figure 11-1, and adjust the STD 


ADJ. until the accuracy of each type of instrument is determined. 


TR4172 (Rear Panel ) 


Fig. 11-1 Time base calibration 


11-5. DISPLAY SECTION ADJUSTMENT 


This paragraph describes the display section adjustment procedure. 


11-5-1. Supply Voltage Adjustment (Board No. BGC-010198) (Circuit diagram No. 5) 
Instrument required: Digital voltmeter 
(1) Set the POWER switch to ON, and check the supply voltage at each 
point. The location of voltage adjustment and test points are 


shown in Figure 11-2. 
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(2) Using the voltage adjustments corresponding to each test point, 
adjust supply voltage until within specifications listed in 


Table: 11-3. 
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Fig. 11-2 Supply voltage adjustments and test points on the 
DISPLAY POWER 1 board (BGC-010198) 


Table 11-3 


11-5-2. High Voltage Unit Adjustment and Check (BLC-0101204) 
(Circuit diagram No. 9) 
Instruments required: Digital voltméter 
High voltage probe 
(1) Set the POWER switch to STANDBY. 
(2) Remove phase block (MEP-339) from the instrument. (See Figure 
11-3.) 


Lin-G2 


High Voltage Unit 
(BLC-010204) 


Fig. 11-3 Removing the phase block (MEP-339) 
(3) Remove the High Voltage Unit (BLC-010204) from the display 


section, then temporarily secure it to the top left edge of the 


case as shown in Figure 11-4. 
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CRT Anode Cap 


(4) 


C5) 


(6) 


iF 


CRT Socket 


2 SS 


Fig. 11-4 Adjusting high voltage unit 


Disconnect the CRT anode cap and CRT socket from the CRT. High 
potential charges may remain at the anode cap or CRT socket. 
Exercise utmost caution to avoid electrical shock. Leave all 
connectors other than the anode cap and CRT socket connected in 
their original sockets. 

After verifying that neither the anode cap nor CRT socket is in 
contact with the chassis or other components, set the POWER 
switch to ON. 

Adjust R62 until the voltage across the test point TP K and the 
GND (chassis) is -3.000 kV. Use a high voltage probe and a 
digital voltmeter for voltage check. Be sure that the impedance 
of the high voltage probe matches the input impedance of the 
digital voltmeter. 
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Fig. 11-5 Adjustments and test points on the high voltage unit 
(BLC-0 101204) 


(7) Verify that the voltage across the anode cap and the GND 
(chassis)is +12 to +13 kV. While checking this voltage, 
exercise caution to avoid electrical shock. 

(8) Set the POWER switch to STANDBY. While monitoring the anode cap 

9 voltage with the digital voltmeter, discharge the anode cap. 

(9) After verifying that the anode cap potential is lowered to the 
safety voltage, connect it to the CRT. 

(10) Remount the high voltage unit (BLC-0101204) at its original 
position in the chassis, then connect the CRT socket to the 
CRT. Remount the phase block to its original position in the 


chassis. 
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11-5-3. CRT Driver and Bias Adjustment (Board: BGK-010184) 
(Circuit diagram No. 10) 
Instrument required: Oscilloscope 
Digital voltmeter 
(1) Set the POWER switch to STANDBY. Pull out the CRT driver board 
(BGK-010184) and remount it in the same slot using an extender 
board (28 pins,single). The cables to the on-board connectors 


J281 and J282 should be connected to the board by extender 


cables. Set the POWER switch to ON. 


Fig. 11-6 Adjusting setup using an extender board 
(2) Check the voltages at pins | and 5 of on-board connector J182 


with a digital voltmeter. Adjust R203 and R199 until the 


voltage at each pin is +75 V. 


(A eae, 


(3) Turn the INTENSITY control on the front panel of the display 
section completely clockwise to obtain maximum display 
intensity. Adjust R202 so the display is not subject to 
halation due to secondary electron radiation. 

(4) Adjust R200 until pattern distortion is minimized. 

(5) Place the standard patterm scale (included in the maintenance 
kit) on the display screen, and adjust the display gain and 
position. The gain and position adjustments for the axis are 
R193 and R192 respectively, and those for the X axis are R195 
and R194 respectively. 


Upper limit of label (character) 


Lett iimit of Scale size 
character 


Right lLimitsor 
of character 


Effective display area Lower limit of character 


Fig. 11-7 Standard display scale (MPH-20803A) 
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Fig. 11-8 Adjustment and test points on the CRT driver board (BGK=010184) 


(6) Use the following key operations to obtain a signal response 


with steep transient: 


Cl 


MASTER = 
RESET 


2 (om cn | 
FREQ. sec 

MHz 
} ea as) ee I 


REF -10.0 dBm 
10 dB/ 


ATT 10 dB 


Local Feedthrough 


4 
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300 kHz aa 
i 


SWP 200 me SPAN 2000 MHz CENTER 100 HHz 


Fig. 11-9 Signal response display for intensity adjustment 
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(8) 


(9) 


(10) 


GRD 


Set INTENSITY control on the front panel to the center 

position. Adjust R64 on the high voltage unit (MEP-0101204) and 
R196 on the CRT driver board (BGK-010184) until the signal 
response trace is slightly visible on the display. At this 
time, R64 should be turned toward low intensity, while T196 
should be turned toward high intensity. 

Set the FOCUS screwdriver adjustment on the front display 
section to the center position. Adjust R63 on the high voltage 
unit and R201 on the CRT Driver board until the center of the 
display is well focused. 

Adjust R197 on the CRT Driver board until a good focus is 
obtained for the local feedthrough on the display. 

Adjust R198 so a good focus is obtained for the left and right 
areas of the display. 

While observing the signal at pin 1 of J283, adjust C248 until 
the waveform bas no overshoot. Similarly, adjust C261 until the 
waveform at pin 3 of J283 has no overshoot. Connect the probe 


ground for the oscilloscope to a TP-GND on the board. 


Overshooting 


Fig. 11-10 Overshboot 
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11-5-4. 


(12) Set the POWER switch to STANDBY. Return the CRT Driver board 
(BGK-010184) into its original slot. Set the POWER switch to ON. 


Data knob adjustment (Board: BGP-010192) 
(Circuit diagram Nos. 21, 22) 
Required instrument: Oscilloscope 
(1) Using the oscilloscope, check the signals at TP2 and TP4 on the 
Memory board (BGP-010192). 
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Fig. 11-11 Locations of Memory board (BGP-010192) check points 


(2) Turn the front DATA knob at a constant speed, and adjust R125 
and R126 until the signal waveforms at TP2 and TP4 have a duty 


ratio of jc bs 
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11-5-5. D-A converter +10 V adjustment (Board: BGP-010188) 
(Circuit diagram No. 14) 

Instrument required: Digital voltmeter 

(1) Set the POWER switch to STANDBY. Pull out the D-A Converter 
board (BGP-010188), then remount it in the same slot using an 
extender board (double 28 pins). 

(2) Set the POWER switch to ON. Check the emitter voltage of Q61 on 
the board with a digital voltmeter. Adjust the collector 
voltage to +10 V + 10 mV with R91. 
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Fig. 11-12 Adjustment on the D-A converter board (BGP-010188) 


(3) Set the POWER switch to STANDBY, and return the board to its 
original slot (without extender board). Then set the POWER 


switch again to ON. 


11-5-6. Ramp Generator Adjustment (Board: BGP-010185) 
(Circuit diagram No. 11) 
Instrument required: * Digital voltmeter 
* Function generator 
* Oscilloscope 
(1) Set the POWER switch to STANDBY. Pull out the ramp generator 
board (BGP-010185), then remount it in the same slot using an 


,) extender board (double 28 pins). 
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(2) Set the POWER switch to ON. Connect the oscilloscope to the 
card-edge connector pin P1-9AB (RAMP OUT), and adjust R95 until 


the output ramp signal has a 0 V +5 V amplitude. 
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Fig. 11-13 Adjustments on the ramp generator board (BGP-010185) 


(3) Set the POWER switch to STANDBY. Pull out the Analog 1/0 board 
(BGP-010186), and remove the jumper wire from JP1. Connect the 
function generator output to the LOG test point. 

(4) Remount the analog I/O board in its original slot, then set the 
POWER switch to ON. 

(5) Set the function generator output to 500 Hz, +2 Vp-p in level, 
and sinewave. Set the sweep time of the analyzer to 20 ms. 
Adjust R64 on the ramp generator board so that 10 cycles of sine 
wave exist within the scale span on the screen. 

(6) Set sweep time to 2 sec. Set the function generator output 
frequency to 5 Hz. Adjust R65 on the Ramp Generator board 
(BGP-010185) so 10 cycles of sine wave appear within the scale 


span on the screen. 
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(7) Press[ _| to select zero frequency span. Set sweep time 
SHIFT 


to 500 usec. Set the function generator output frequency to 
20 kHz. Adjust R83 so that 10 cycles of sine wave appear within 
the scale span on the display. 


(8) When R64 is readjusted, also readjust R65 and R83. 
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Fig. 11-14 Connecting a function generator output to the analog I/O board 


(9) Adjust analog sweep. Set the output frequency of the function 
generator to 100 Hz. Set sweep time to 19 ms. Adjust R124 
until the signal response on the display is centered on the 
vertical center scale. 

(10) Adjust rewriting position. Set sweep time to 10 sec. Adjust 
R130 until the trace rewriting position coincides with the 
blanking position at the center of the screen. 

(11) Set the POWER switch to STANDBY. Disconnect the function 
generator output from the analog I/O board, and install the 
jumper wire at JPl. Return the analog I/O and ramp generator 
boards to their original slots, then set the POWER switch to ON 


again. 
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11-5-7. Analog I/O Board Adjustment (Board No. BGP-010186) 
(Circuit diagram No. 12) 

Instrument required: * Digital voltmeter (4 and a half digits.) 
* Standard DC voltage source 


* Function generator 
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Fig. 11-15 Locations of adjustments and test points on the analog 
I/O board (BGP-010186) 


(1) Set the POWER switch to STANDBY. Pull out the Analog I/0 board 
(BGP-010186), and remove jumper wires from JP! and JP2. Remount 
the board in the same slot using an extension card (double 28 
pins). 

(2) Connect the output of a standard DC source across the LOG test 
point and a GND test point. Set the voltage source output to 


0.000 V, then set the POWER switch to ON. 
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(2) 


Adjusting the MAG. amplifier for logarithmic display 


(a) 


(b) 


(c) 


(d) 


Check the voltage across the test point log mag and a GND 
test point with a digital voltmeter. Press SHIFT, 1dB/DIV. 


to set the vertical scale to 1 dB/div. Adjust R311 until 


‘the voltmeter reading (offset voltage of the first 


operation amp.) is less than 50 wpV. 

Press SHIFT, 10dB/DIV. to set the vertical to 10 dB/div. 
Check the voltage across the test point MAG and GND (test 
point). Set standard DC output to 2.5 V. Adjust R134 
until the voltage is 2.5 V +5 mV. 

Set standard DC output to 0.000 V. Adjust R130 until the 
voltmeter reading is 5.000 V +5 mV. 


Repeat steps (b) and (c) several times. 


Adjusting the MAG. amplifier for phase display 


(a) 


(b) 


(c) 


(d) 


(e) 


(£) 


(g) 


Set the output of standard DC to 0.000 V. Disconnect it 
from the log test point and reconnect it to the phase test 
point. 


LJ.) sw |C JLe J mt 
Press | SPAN <ee and | DELAY |, then use 


MASTER 
RESET 


the DATA knob to set the vertical scale to 20 ns/div. 
Check the voltage across the offset test point and GND 
(test point) (offset voltage of the first operation am.). 
Adjust R315 until the offset voltage is less than 50 uV. 
Check the voltage at the test point MAG to GND. Adjust 
R164 until the voltage is +2.500 V +5 mV. 

Set the standard DC output to +400 mV, and adjust R158 
until the voltmeter reads +5.100 Vetoemv. 

Set the output of standard DC to -400 mV, and verify that 


the voltmeter reading is -0.100 V +5 mV. 


Press to select 8°/div. Set the standard DC output 


to +400 mV. Adjust R156 until the voltmeter reads +4.750 V 
+5 mV. 

Use the DATA knob to select 20°/div. Set the standard DC 
output to +1.000 V. Adjust R147 until the voltmeter reads 
+. fO0, VV it 5 mV. 
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(3) 


(4) 


(5) 


(h ) 


(i) 


Use the DATA knob to select 40°/div. Set the standard DC 
output to +2.000 V. Adjust R150 until the voltmeter reads 
+4.750 V +5 mV. 


_Use the DATA knob to select 80°/div. Adjust R153 until 


the voltmeter reads +3.625 V +5 mV. 


Scale position adjustment 


(a) 


(b) 


(c) 


(d) 


Adjust R183 so the bottom end of the vertical scale is 
aligned to the bottom graticule of the horizontal scale. 
Adjust R190 until the left end of the horizontal scale is 
aligned to the leftmost graticule of the vertical scale. 
Adjust R180 until the top end of the vertical scale is 
aligned to the top graticule of the horizontal scale. 
Adjust R188 until the right end of the horizontal scale is 


aligned to the rightmost graticule of the vertical scale. 


Character size and position adjustment 


(a) 


(b) 


Line 


(a) 


(b) 


Place the standard pattern scale show in Figure 11-7 (used 


for x-and y-axis adjustment) on the display screen. 


Make the following adjustments until each character 
locatia@ is aligned to the standard pattern scale: 

R236 for character position on the y-axis. 

R240 for y-axis gain. 

R256 for character position on the X-axis. 

R254 for x-axis gain. 

generator adjustment 

Disconnect standard DC output from PHASE and GND test 
points, to which it was connected during the adjustment of 
the MAG. amplifier for phase measurement. Connect the 


function generator across LOG and GND test points. 


Se ee : 
Press ’ ; }} dB to set sweep time 
sec 


MASTER SWEEP TIME 
RESET 
to 1.5 s. Set the function generator output to 500 Hz, 


2 Vp-p, with DC offset of 1.3 V. 
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(c) Press Ey » and turn the DATA knob slightly. The 
> 


VIEW MARKER 
marker will move vertically. Adjust C354 so the marker 


traces the signal response on the display. 
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Fig. 11-16 Marker level adjustment 


(d) Disconnect the fumction generator from the LOG and GND 
terminals, and set the POWER switch to STANDBY. Install 
jumper wires om JPl and JP2, then switch the analyzer on 
again. 

(e) While the instrument is in the initial default state, 


prepare it as follows: 
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(£) Connect the CAL. OUT. connector to the INPUT-1 connector to 


display the CAL. OUT. signal response. 


Adjust C375 until a 


smooth amd straight response trace is obtained. 


Adjust so the signal response 
is smooth and free of ripples. 
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Fig. 11-17 Line generator adjustment 1 


(g) Update the panel setup on the instrument as follows: 


SHIFT LABEL BACK SPACE 


MHz 

= | IC] 2 

REQ. sec 
sm (= JLo Je J] = 
aBm 
SPAN Hise 


kHz 
(Ie 2 
msec 


RES. BW 
—dBm 
LEVEL sie 


PEAK SEARCH 
(h) Adjust the CAL control on the front panel of the analyzer 


until the level readout identified by the marker is exactly 


-20.0 dBm. 


(i) Press MKR OFF, and adjust C363 until the signal response 


peak is positioned on the horizontal scale at -—20 dBm. 
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Fig. 11-18 C363 adjustment 


(j) Adjust line generator in the graphic mode (S parameter 


display). Disconnect the CAL. OUT. from the INPUT-1 


| 
connector. Press ) ee) ie (eo to select the S 


MASTER | 
reset  SMIFT LABEL 


parameter display mode. Adjust C366 until a smooth 
circumference line (for a Smith chart, for example) is 
obtained. Then adjust the horizontal position of the Smith 
chart with R309 until the center position of Smith chart is 


aligned to the center graticule of the vertical scale. 
| Smithachart 
eee. 


Adjust so the chart circumference 
is smooth and free of ripples. 


TR4172 display screen 


Adjust Smith chart position. 
Fig. 11-19 Line generator adjustment (position) 


(6) Marker size adjustment 


Press[__| to activate the marker. Adjust R293 and R306 until a 
MARKER 
round marker dot is obtained. 
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Fig. 11-20 Marker adjustment 


Analog sweep positional adjustment 
ZERO 


(a) see) to select zero frequency span. Press 


kHz 
EIR 4) = Ea then use to set sweep time 
SWEEP TIME 


(b) Analog sweep mode is selected instead of digital sweep mode 
when the step down switch is pressed. The signal response 
trace will be verticary displaced slightly when the sweep 
mode is switched from digital to analog. Adjust R174 until 
the trace 1s repositioned to its original position. 

(c) Set the POWER switch to STANDBY. Mount the analog 1/0 
board in its original slot (without extension card), then 


switch on the instrument again. 


A-D Converter Board Adjustment (Board: BGP-010187) 


(Circuit diagram No. 13) 


Instruments required: * Digital voltmeter (4 and a half digits.) 


(1) 


(2) 


(3) 


* Standard DC voltage source 

* Function generator 
Set the POWER switch to STANDBY. Pull out the A-D Converter 
board (BGP-010187), and remove the jumper wire from JP]. 
Remount the board in the same slot using an extension card 
(double 28 pins). 
Connect the standard DC output across the test points TP! and 
GND. Set standard DC output to 5.000 V, then set the POWER to 
ON. 
Use the digital voltmeter to check the voltage across test 


points TP4 and GND. Set sweep time to 10 sec. 
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(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


SAMPLE D. 
Press pee) [_}: to select sample detectio mode. Adjust R177 


SHIFT 
until the voltage at TP-4 is +5.000 V +1 mV. 
POSIT. PEAK D. 


Press fines] [_]s to select positive peak detection mode. 


SHIFT 
Adjust R178 until the voltage at TP-4 is +5.000 V +1 mV. 
NEG. PEAK D. a 
Press ees) fear to select negative peak detection mode. 
SHIFT 


Adjust R176 until the voltage at TP-4 is +5.000 V +1 mV. 

Set the standard DC output to 0.000 V. Set the reference level 
to 0 dBm. Press MARKER, and adjust R179 until the marker 
reading is -100.0 dBm +1.0 dBm. 

Set standard DC output to +5.000 V. Adjust R180 until the 
marker reading is 0.0 dBm +0.1 dBm. Repeat steps (7) and (8) 
several since R179 and R180 affect each other. 

Disconnect standard DC from test points TP-1 and GND and instead 
connect the function generator output across TP-l and GND. Set 
the function generator output to 100 Hz per 100 Hz triangular 
wave 2 Vp-p, output level, and 1.3 V XW offset. 

Connect oscilloscope across pin 9 of IC10 and GND, and adjust 


R175 until obserbed signal waveform stops flickering. 


Jitter 


Fig. 11-21 Adjusting R175 on the A-D converter board 
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(11) X-axis center adjustment. 


return the JP1 jumper wire. 


Set POWER switch to STANDBY, and 


Set the POWER switch to ON again, 


the update the panel setup as follows: 


NT. MHz 
pa Lo }] 
sec 


occ 


SWEEP TIME 


EI *| 
MARKER 


Connect the CAL. OUT. 


kHz 
+dBm 
msec 


signal to the INPUT-1 connector. 


(12) Adjust R181 so the marker is positioned to the peak of the 


50 MHz signal response. 
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Fig. 11-22 X-axis center adjustment 


(13) Set the POWER switch to STANDBY, and return the board to its 


original slot (without extender board). Reset the POWER switch 


to ON. 
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Fig. 11-23 Locations of adjustments and test points on the A-D 
Converter (BGP-010187) board 


11-5-9. Log Amp. Adjustment (Board: BLP-010231) MEP-337 
(Circuit Diagram No. 30) (Parts Allocation No. 24) 


Instruments required: * Digital voltmeter (four and a half digits) 


+ 


Signal generator 


* Spectrum analyzer (with tracking generator ) 


+ 


High-impedance probe 


+ 


Attenuator covering 0 to 100 dB in 10-dB steps 
(1) Log. amplifier 3.33 MHz tuning 
(a) Set the POWER switch to ON and warm up the instrument for 
at least 10 minutes. Connect the tracking generator output 
of the second spectrum analyzer to the LOG IN terminal on 
the LOG AMP board. Set the tracking generator output to 
-40 dBm. Remove the shield case over from the LOG AMP 
unit. Using the second spectrum analyzer with a high 
impedance probe attached to its input, observe the signal 


appearing on the board across R152 and GND. 
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(b) 


(c) 


(d) 


(e) 


Fig. 11-24 LOG AMP 3.33 MHz tuning 


Set resolution bandwidth to 100 kHz. Adjust L672 until the 


Signal response peak on the second spectrum analyzer is 
3.333 MHz. 


Press mmpay to set resolution bandwidth to 300 kHz. 


RES. BW 
Use the observed signal response peak as a reference. 


Press| to reduce resolution bandwidth to 100 kHz, and 


adjust R145 until the signal response peak comes to the 
reference level (within +0.1 dB). 

Set the tracking generator output connected to the LOG IN 
terminal) to -10 dB. Set resolution bandwidth to 100 kHz. 
Connect the second spectrum analyzer to R213. Adjust L679 
until the peak signal response observed on the second 


analyzer is positioned at 3.333 MHz. 


Press amps to increase resolution bandwidth to 
RES. BW 


300 kHz. Then reduce it to'100 kHz, adjusting R212 until 


the peak level matches the peak level obtained at a 300 kHz 
resolution bandwidth (within +0.1 dB). 
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2) 


LOG AMP gain and offset adjustment 


(a) 


(b) 


(c) 


(d) 


Connect a signal generator output to the LOG IN terminal 


using an external attenuator. Set the S.G. output to 


3.333 MHz in frequency and 0 +0.1 dBm in level. Check the 


voltage at pin 3 or 14 of IC 24 (to GND) with a digital 


voltmeter. Set resolution bandwidth to 100 kHz. 
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Fig. 11-25 LOG AMP gain adjustment 


While changing the external attenuator setting from 60 to 
90 dB in 10dB steps, adjust R238 so the LOG AMP OUT voltage 
(at pin 3 or 4 of IC 24) changes at 0.500 V +5 mV steps. 
While changing the external attenuator setting from 0 to 

40 dB in 10dB steps, adjust R301 so the LOG AMP OUT voltage 
changes at 0.500 V +5 mV steps. 

Set the external attenuator to 0 dB, and adjust R355 until 


the LOG AMP OUT voltage is 0.000 V +5 mV. 
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(e) Set the external attenuator to 60 dB, and adjust R157 until 
the LOG AMP OUT voltage is 3.000 V +5 mV. Repeat several 
times since R355 and R157 affect each other. 


(3) Reference level and DC offset adjustment 


Hz ee ees 
Press ad —dBm |tO minimize the reference 
LEVEL ysec 


level (the actual reference leve should be positioned at 
-90 dBm). Set the external attenuator to 60 dB, and adjust R335 
until the LOG AMP OUT voltage is +1.000 V +5 mV. 

(4) Gain, offset, and step amplifier adjustment in LIN. mode 


LIN. X1 
REF. kHz . 
a Press ; [o ] +dB and{ jf] peand vad just R355 
(a) ee eT evel Ex J 


SHIFT 


until the LOG AMP OUT voltage is +5.000 V +5 mV. Then set 
the external attenuator to O dB, and adjust R294 until the 
voltage is 0.000 V +5 mV. 

(b) Set the external attenuator to 10 dB. Set the analyzer 
reference level to -50 dBm, and adjust R254 until the 
voltage is 0.000 V +10 mV. Refer to the following table 


when adjusting the step amplifier in the LIN. mode. 


Table 11-4 Step amplifier adjustment in LIN mode 


REF. External 


(c) Repeat the adjustment steps several times in the amplifier 


gain range of 10 to 50 dB as R254, R263, and R272 slightly 


affect each other. 
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Fig. 11-26 Location of adjustments on the LOG AMP board (BLP-010231) 
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Location of adjustments on the IF! board (BLP-010229) 


} as 
+ 90 slaeaden, be Se) sobs 


(li) Soeug 


11-5-10. IF Filter Adjustment (MEP-338) 
; (Board and circuit diagram Nos. 
IF-1 BLP-010229, Nos. 25, 26 


IF-2 BLP-010230, Nos. 27, 28, 29) 


Instruments required: * Spectrum analyzer with tracking generator 
| * High impedance probe 
* Function generator (time base frequency 


accuracy 1078) 


* External attenuator (0-100 dB in 10 dB steps) 
) | (0-10 dB in 1 dB steps) 
(1) Set the POWER switch to STANDBY. Remove the IF FILTER block 


(MEP338) from the chassis. Set the POWER switch to ON again. 
(2) Connect the tracking generator output of the external spectrum 

analyzer to the IF-1 input on the IF block. Set the tracking 

gener ator output level at about -20 dBm. Connect the output of 


the IF-1 block to the input of the external spectrum analyzer. 
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Fig. 11-27 (2) Location of adjustments on the IF2 board (BLP-010230) 
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Fig. 11-27 (3) IF section adjustment 


(1) IF-1 1 MHz BPF adjustment 
Set the reference level to -50 dBm. Unless specified, leave the 
reference level at this value. Set resolution bandwidth to 
1 MHz. Set the center frequency of the second spectrum analyzer 
to 3.333 MHz and observe the response of the 1 MHz band-pass 
filter (BPF) in the IF-1 block. Adjust L591, L592, L593 and 
L594, L595 until the following BPF response is obtained: 


pss 2 


1‘ i 1 


eau 9 


(2) 


(3) 


Sym- 
metrical 


Center frequency: 3.333 MHz 


Fig. 11-28 1 MHz BPF response in IF-1 block 


IF-1 block LC filter adjustment 


(a) 


(b) 


EE=1 


(a) 


(b) 


Increase the resolution bandwidth to 10 kHz. Connect the 
function generator output to the IF-1 block input, instead 
of the tracking generator output. Set up the function 
generator output for 3.333333 MHz sine wave and -20 dBm 
out put level. 

Observe the output of the IF-1 block with the second 
spectrum analyzer. The center frequency of the analyzer 
should be set at 3.333 MHz. Adjust L601 and C422 (first 
filter), L604, and C438 (second filter), and L607 and C454 
(third filter) until the output signal level is maximized. 
quartz filter adjustment 

Reduce the resolution bandwidth to 10 Hz. With the 
function generator set up, observe the out put Ofe thee ne. 
block using the second spectrum analyzer. Adjust C484, 
C506, C529, and C552 until the output level is maximized. 
Connect the tracking generator output of the second 
spectrum analyzer to the input of the IF-1 block, instead 
of the function generator output. Set the T.G. output 
level to about -20 dBm. Remove the shield case cover from 


the IF-1 block. Set the resolution bandwidth to 3 kHz. 


13°=, 33 


(4) 


(5) 


Gow) 


(d) 


(e) 


CE) 
(g) 


IF=-2 
(a) 


(b) 


IF-2 
(a) 


(b) 


Using the high-impedance probe attached to the input of the 
secom spectrum analyzer, observe the signal response at 
the Q29 emitter (input of X632) using the analyzer. 
Adjust C482 until the signal response observed on the 
analyzer is centered. Adjust C486 until the frequency at 
the signal response peak is 3.33333 MHz. 

Observe the signal response at the Q33 emitter (input of 
X633) using the spectrum analyzer. Adjust C505 so the 
signal response on the screen is centered. Adjust C509 
until the frequency at the signal response peak is 
CASSIE ERR ITF 

Next, observe the signal response at the Q37 emitter (input 
of X634) using the analyzer. Adjust C528 for waveform 
balance and C532 for frequency. 

Observe the signal response at the Q40 collector. Adjust 
C551 for waveform balance and C555 for frequency. 

Remount the shield case cover on the IF-1 block. 

block LC filter adjustment 

Connect the output of the IF-1 block to the input of the 
IF-2 block. Connect the function generator output to the 
input of the IF-1 block. Set up the function generator 
output for a sine wave with the frequency of 3.333333 MHz 
and output level of -20 dBm. 

Set the resolution bandwidth to 10 kHz. Observe the output 
of the IF-2 block with the second spectrum analyzer. The 
center frequency of the analyzer should be set at 

3.333 MHz. Adjust L514 and C394 (first filter) and L522 
and C457 (second filter) until the output level is 
maximized. 

block crystal filter adjustment 

Reduce the resolution bandwidth to 10 Hz. Adjust C421 
until the output level is maximized. 

Connect the tracking generator output of the second 
spectrum analyzer to the input of the IF-1 block, instead 
of the function generator output. Set the T.G. output 
level at around -20 dBm. Set the resolution bandwidth to 
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(6) 


(7) 


(c) 


e=2 


(a) 


(b) 


(c) 


Observe the output of the IF-2 block with the second 
spectrum analyzer. Adjust C420 until the filter response 


is symmetrical. Adjust C424 until the frequency at the 


signal response peak is 3.33333 MHz. 


block crystal filter 7 Hz adjustment 
POSIT, PEAK D. 


Press[_|{_| [_ ]e to set the resolution bandwidth to 


SHIFT LABEL AUTO 
7 Hz. Apply the function generator output to the input of 


the IF-l1 block. Set up the function generator output for a 
sine 3.333333 MHz sine wave and -20 dBm output level. 
Connect the spectrum analyzer to the output of the IF-2 
block, and adjust C702, C696, and C681 until the maximum 
output signal level is attained. 


Mount the shield case cover on the IF-2 block. 


IF 10 dB Step Amplifier adjustment 


(a) 


Press{_|{_ fam --] to clear the correction value setup 
SHIFT LABEL BACK SPACE 
for the Error Correction Routine. Apply the tracking 


generator output of the second spectrum analyzer to the 
input to of IF-1 block via external attenuators (with 10 dB 
and 1 dB steps in series). Set the T.G. output level at 
around -10 dBm. Connect the spectrum analyzer to the 
output of the IF-2 block to observe its output signal 


response. 
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(c) 


T.G. 
OUT INPUT 


Fig. 11-29 Step amplifier adjustment 


Set both attenuators to 0 dB, and update the panel setup for 
the TR4172 as follows: 


; kHz 
(| msec 


RES. BW 


SHIFT LABEL SIGNAL TRACK 


(IF step amplifier check 10 dB mode) 


Pressing[{ 0 | will select STEP AMP gain of O dB, and 


pressing will select STEP AMP gain of 10 dB. During 


this mode, keys ae), to select step amplifier gains 


from 0 dB to 50 dB respectively at 10 dB steps, however, 


the active function area readout does not change. 
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(d) Press 0 to set the step amplifier gain to O dB, and note 
the peak level of the observed signal response on the 
‘spectrum analyzer. While referring to the table below, 
adjust each trimmer resistor listed so the peak levels 
obtained at step amplifier gains of 10 dB 50 dB are within 
+0.05 dB with respect to the peak level observed when the 


amplifier gain was O dB. 


Table 11-5 IF step amplifier adjustment 


LG 


(8) 1 dB step attenuator adjustment 

(a) This adjustment should be performed by following the 10 dB 
step amplifier adjustment. In the IF Step Amp Check 10 dB 
mode, press 0 to set the step amplifier gain to 0 dB. Then 
press signal track to set the IF step attenuator to 1 dB. 
Operation of 0 through 9 will set the 1 dB step attenuator 
to 0-9 dB at 1 dB steps, respectively. 

(b) Set the external attenuator (with 1 dB stepping) to 10 dB. 
Press 0 to select the 1dB step ATT to OdB. Note the signal 
response peak level observed at that time on the analyzer. 
Referring to the following table, adjust each trimmer 
resistor listed so the signal response peaks are within 
+0.05 dB with respect to the peak level observed when the 


1 dB step attenuator was set at O dB. 
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Table 11-6 


(9) Resolution bandwidth switching level accuracy adjustment 


(a) 


(b) 


(c) 


(d) 


(e) 


Apply the output of the second spectrum analyzer tracking 
generator to the input of the IF-2 block, and observe the 
output of the IF-2 block with the same analyzer. Set the 
tracking generator output level to about -20 dBm. 


Set up the TR4172's panel as follows: 


(Clears the error correction data) 
"SHIFT LABEL BACK SPACE 


Same | kHz 
rts 
RES. BW eee 
REF Cs] : ) kHe kat wbnan 
LEVEL |) ips 


Referring to the peak output level obtained at a resolution 
bandwidth of 300 kHz, adjust R317, R261, R263, and R669 on 
the IF-2 block so the peak levels obtained at resolution 
bandwidths of 10 kHz, 3 kHz, 10 Hz, and 7 Hz (set up by 


POSIT. PEAK D. 
operating{ _|{__| [Je ) are within +0.5 dB with respect 
SHIFT LABEL AUTO 


to the reference level. 

Connect the tracking generator output to the input of the 
IF-1 block, and observe the output of the IF-l block with 
the spectrum analyzer. 

Referring to the peak output level obtained at a resolution 
bandwidth of 300 kHz, adjust R205, R235, and R319 on the 
IF-1 block so the peak levels obtained at resolution 
bandwidths of 10 kHz, 3 kHz, and 10 Hz are within +0.5 dB 


with respect to the reference level. 
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(10) Total level adjustment 

(a) Apply the output of the second spectrum analyzer's tracking 

generator to the input of the IF-1 block, and observe the 
| output of the IF-2 block. Connect the output of the IF-1 

block to the input of the IF-2 block. 

(b) Set up the TR4172"s panel as in (9)-(b). 
Adjust R127 on the IF-1 block until the gain from the input 
of the IF-1 through the output of the IF-2 is +5 +0.1 dB. 

(c) Set the POWER switch to STANDBY. Return the IF Filter 
block to its original slot, then set the POWER switch to ON 


again. 


9 11-5-11. Phase and G.D. Adjustment (Board No. BLP-010205) MEP-339 
(Circuit diagram Nos. 31, 32) 
Instrument required: * Digital voltmeter _ 
* Spectrum analyzer with tracking generator 
* High-impedance probe 
(1) Reference voltage and null adjustment 
(a) Remove the shield case cover from the MEP-339. Change 
jumper connection for J556 to (2)-(3), and adjust R292 
until the voltage across TP! and TP2 is 0.00 V +0.03 mV. 
(b) Change the jumper connection for J556 to (1)-(2), and 
adjust R295 until the voltage across TP! and TP2 is 
10.000 V +3 mV. 


» (c) Adjust R301 until the voltage across TP! and TP4 is -3.30 V. 
MHz 
(d) Press 8 |, and use the DATA knob to set phase 


(PHASE OFFSET) 
offset to 2000. Press , then use the DATA knob 


kHz 
again to set G.D. offset to 0. Press again, and 


use the DATA knob to set G.D. offset fine to 0. Adjust 
R297 until the voltage across TP1 and TP6 is 3.000 V +5 mV. 
(e) Change the jumper connection for J555 into (2)-(3), then 
adjust R307 until the voltage across TP1 and TP5 is 0.00 
+0.03 mV. 
(£) Return the jumper connection for J555 to (1)-(2). 
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(2) 3.33 MHz, 33.3 MHz, and 30 MHz filters adjustment 

(a) Set the POWER switch to STANDBY. Disconnect C418 and TP7 

on the board (by removing the appropriate side of the C418 
_ lead). 

(b) Connect the output of the tracking generator (of the second 
spectrum analyzer) to the lead of C418 just removed. The 
ground connection for the tracking generator output should 
be located as near to C418 as possible. Set the tracking 
generator output level to around -30 dBm. 

(c) Set the POWER switch to ON. Observe the signal response at 
the emitter of Q56 with the high-impedance probe attached 


to the input of the spectrum analyzer. Adjust C422 until 


the filter response is symmetrical at 3.333 MHz. 


eo 


Fig. 11-30 Phase and group delay adjustment (BLP-010205, MEP-339) 
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Adjust so the response 


is symmetrical on 
center frequency 
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Fig. 11-31 Filter adjustment - 1 


Observe the signal at the Q57 collector. Adjust C425 until 
the filter response is symmetrical at 3.333 MHz. 

Set POWER switch to STANDBY. Reconnect the lead of C418 to 
its original pattern location. Reset the POWER switch to 
ON. 

Apply the output of the tracking generator (contained in 
the secom spectrum analyzer) to J553 (PHASE INPUT). Set 
the tracking generator output to about 0 dBm. Press PHASE 
then use the DATA knob to set the phase scale to 40°/div. 
Observe the signal waveform at the Q47 emitter. Adjust 
C386 until the filter response is symmetrical at 3.333 MHz. 
Observe the signal waveform at the Q48 collector. Adjust 
C391 until the filter response is symmetrical. 

Reduce the tracking generator output from 0 to -30 dBm. 
Observed the signal waveform at the Q42 collector. The 
center frequency for observation is 33.33 MHz. 

Adjust C351 until the signal response is symmetrical at 
33.33 MHz. Adjust C505 so the level of the signal 


resolution is reduced with its bandwidth broadened. 
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Fig. 11-32 Filter adjustment - 2 


Set the POWER switch to STANDBY, and disconnect C369 and 
C433 on the board (by removing the appropriate side of the 
C369 lead). 

Connect the output of the tracking generator (contained in 
the second spectrum analyzer) to the lead of C369 just 
removed. The ground connection for the tracking generator 
output should be taken as near to C369 as possible. Set 
the tracking generator output to about -30 dBm. 

Set the POWER switch to ON. Connect the spectrum analyzer 
high impedance probe to the Q44 collector. Adjust C371 
until the signal response observed is symmetrical at 

30.0 MHz. Adjust C506 so the level of the signal response 
is reduced, and its bandwidth broadened. 

Set the POWER switch to STANDBY, and reconnect the lead of 
C369 to its original pattern location. Set the POWER 
switch to ON again. 


Output gain and offset adjustment 


(a) 


Connect the TR4172 tracking generator output to its RF 
input. Press PHASE then use the DATA knob to set the phase 
scale to 40°/div. Set up the TR4172 panel as follows: 


Uta 4 


S e 
: SPAN sec 


(b) 


(c) 


(d) 


(e) 


SWEEP TIME 
ZERO SPAN 


SHIFT 


Press PEAK SEARCH, then adjust R273 until the marker 
readout is within +180 +0.4°. Press PEAK SEARCH again to 


confirm the readout. 
NEG. PEAK S. 


Press Sls ,» then adjust R265 until the marker 
SHIFT : NEG. PEAK S. 
readout is within -180 +0.4°. Press (eee) again to 


¥ SHIFT 
confirm the readout. 


kHz 
Press | PHASE || +08m| | then use the DATA knob to set G.D. 


D. OFFSET) kHz . 
offset to 2000. Press +d8m | again, then set G.D. offset 


(G. 0. OFFSET) 
ob. 


fine to 0 with the DATA kn 
Adjust R281 so there are 7.5 sawtooth wave forms (2700°) 


within the horizontal scale span on the TR4172. To shift 
the signal trace in the horizontal direction, press 


2 
, then use the DATA knob. 
(PHASE OFFSET) 
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Fig. 11-33 G.D. offset adjustment 
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CE) 


(g) 


(h) 


(i) 


One 4 
Press PHASE, then set the phase scale to 8 /div. with the 


DATA knob. Press kHz (G.D. Offset), then set G.D. offset 


to 0 with the DATA knob. Press kHz (G.D. Offset) again, 
then set G.D. offset fine to 250 with the DATA knob. 

Press MHz (Phase Offset), and adjust phase offset with the 
DATA knob until the signal response trace is centered on 


the display screen. 
NEG. PEAK S. 


wees FJ} (J, JL) > ant seed ene phase 


PEAK SEARCH 4 SHIFT 
value with the delta marker. Adjust R285 until the phase 


readout is 50.8 +0.5°. 
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Fig. 11-34 G.D. offset fine adjustment 


Proceed with phase offset adjustment. Set up the TR4172 as 


follows: 
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ae 40°/div. (with the DATA knob) 


ide |e | 
y 


kHz 
+dBm G.D. offset to O (with the DATA khob) 


eC 
(G. 0. OFFSET) 


kHz 
+aBm G.D. offset fine to 0 (with the DATA knob) 


msec 


(G. 0. OFFSET) 


M 
dB Phase offset to 0 (with the DATA knob) 


(PHASE OFFSET) 


MARKER 
(j) While increasing phase offset from 0 to 4000° with the 


DATA knob, adjust R283 so the marker readout increases from 


07 to 500° as shown below: 


US RRP ae 
Yt ft A 


| 7 ne | 
SS ACS a a a 
[feof TTT bef | 


Fig. 11-35 Phase offset adjustment 


(k) Remount the shield case cover on the phase board (MEP-339). 
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Fig. 11-36 Location of adjustments of PHASE BLOCK (BLP-010205) 


11-6. RF SECTION ADJUSTMENT 
This paragraph describes TR4172 RF section adjustment. 


11-6-1. RF Power Supply Adjustment (Board No. BLF-010370) 
(Circuit diagram No. 36) 


Instrument required: Digital voltmeter 
(1) Set the POWER switch to ON, and check the supply voltage at each 
test point. Figure 11-37 shows the location of the test points 


and adjustments. 
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Fig. 11-37 RF Power (BLF-010370) Adjustment 


(2) Adjust controls corresponding to each test point in the 
following order so that the voltages are witbin the 
specifications shown in Table 11-7. Always adjust the +15 V at 


TP-3 first. 


Table 11-7 Test points and adjustment. 
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Tuning and Level Adjustment for 50 MHz standard (CAL) Signal 
(Board: BLB-010135) MEP-342 (Circuit diagram No. 48) 


Instruments required: * Spectrum analyzer 


Si. 


ee: 


(3) 


(4) 


ey 


* Power meter 
Remove retention screws for the standard block (MEP-342) and 
arrange it so the block is easily accessible. 
Remove the shield case cover from the block. 
Change the jumper connection for J141 to (2)-(3). Connect the 
50 MHz STD. OUT (J55) to the input to the external spectrum 
analyzer. 
While observing the 50 MHz STD. OUT signal with the external 
analyzer, adjust L121 through L126 until the maximum peak 
response is attained. 
Change the jumper connection for J141 to (1)-(2), then connect 
the power meter to the 50 MHz STD OUT. (J55). Adjust R61 until 
the power meter reading is -20.00 dB +0.3 dB. 
Reinstall the shield case cover on the block, and secure the 


block (MEP-342) in its original position on the chassis. 
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Fig. 11-38 50 MHz STD OUT. adjustment 
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11-6-3. Offset and Gain Adjustment for ATT. I/O and Level Cal 
(Board. No. BGN-010220) (Circuit diagram No. 38) 


Instrument required: Digital voltmeter 

(1) Connect the digital voltmeter across the test point TP RF CAL on 
the ATT I/O board and the chassis ground. 

(2) Turn the CAL. control on the front of the TR4172 completely 
counterclockwise. Turn R96 on the board completely oo scan 


counterclockwise to minimize the gain. Press [ to 
SHIFT 


select zero frequency span. 
(3) Adjust R167 until the voltmeter reading is 2.0 V +0.1 V. 
(4) Connect the TR4172 tracking generator output to its RF input 
| using a cable having a flat frequency response. Set up the 


TR4172 as follows: 
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(5) 


Adjust R96 so the flat portion of the signal response trace is 


as horizontal as possible. 


Adjust so the frequency 
response is horizontal up to 
1.8 GHz. 
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Fig. 11-39 Frequency response correction 


YTO Main and FM Tune Adjustment (Board Nos. YIG I/0: BGN-010219, 
YIG Driver: BLC-010224) (Circuit diagrams Nos. 37, 45) 
Instruments required: * Digital voltmeter 
* Frequency counter 
* Synthesized signal generator 
* Marker generator 
(1) Reference voltage adjustment for YIG I/O board 
(a) Set the POWER switch to STANDBY, and remount the YIG 
Oscillator I/O board (BGN-010219) in its slot via a 22 pin. 
extension card. The cables connected to the board 
connectors should be as they were during adjustment. Set 
the POWER switch to ON again. 
Note: Before aereine connections of jumpers, set the POWER swtich to 
STANDBY. 
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Fig. 11-40 Locations of adjustments on the YIG Oscillator I/O board 
(BGN-0 10219) 


r 


=3°9 822d 


Ses 
O'@s 


. ’ sg 
ee =i \ es 
o—aiie XX 


Qi i's © 


ACi+ 


= Sinners enseeeH . ot ve 2 
_ Gemeente 
R64 — (ebsabe TPS 
; 9 90 
65 SSSa sas = Pa fi WE 4 
foe tee .*” 30 
ee i oN pat TP3 


3 5 i 
Pfft fs -- 


8 19? 


| 


oN 

- TP2 
mn” WwW 

— % 

i) 


| | a a =. “a, . . 4 = 
ad > PAPEL Teriwadas) 4 x 4 a a bax netted _ = 
t J z ne 


Fig. 11-41 Locations of adjustments on the YIG Oscillator Driver board 
(BLC-010224) 


piso. 


(2) 


(3) 


(b) Change the jumper connection for J192 (on the YIG 
Oscillator I/O board) to (2)-(3). Adjust R99 on the same 
board until the voltage across TP-6 (GND) and TP-4 is 
0.00 V +0.03 mV. 

(c) Change the jumper connection for J192 into (1)-(2). Adjust 
R100 until the voltage across TP-6 (GND) and TP-4 is 
10.000 V £3 mV. 

Offset null adjustment for YIG Driver board 

(a) Change the jumper connection for J131 (on the YIG 
Oscillator Driver board) into (2)-(3). Adjust R46 on the 
same board until the voltage across TP-4 (GND) and TP-2 is 
0.00 V +0.03 mV. 

(b) Change the jumper connection for J132 (on the YIG 
Oscillator Driver board) to (2)-(3). Adjust R53 on the 
same board until the voltage across TP-5 (GND) and TP-3 is 
0.00 V +0.03 mV. 

(c) Return the jumper connections for J131 and J132 to (1)-(2). 

YTO Main Tune adjustment 

(a) Prepare TR4172 as follows: 


RESET ZERO SPAN 
SHIFT 
Hz Hz 
OOF ome 
psec 
SHIFT LABEL IT. 


The step Main is set to 1000. 

(b) Adjust R95 on the YIG Oscillator I/O board until tbe 
voltage across TP-1 and TP-6 (GND) on the same board is 
-5.000 V +3. mV. 

(c) Check the YTO frequency with a frequency counter. 
Disconnect cable from the output of the 3.9 GHz LPF and 
connect the frequency counter to the output of the 3.9 GHz 


LPF section (MEP-351). 


Hz 
© mea OoMoes 
psec 
SHIFT LABEL Hz 
to set the step FM to 2000. Press[ | (ies) Eze 
wT u sees INT. 


- SH ABEL 
a Co) |-& le to set Step Main to 100. 
psec 
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Fig. 11-42 YTO frequency measurement 


Adjust R42 on the YIG Oscillator Driver board until the 
counter reading is 2046 MHz +300 kHz. 


H ° 
reese C2 JCS ICE | o> set ster uaia eo 
usec 


1900. Adjust R93 on the YIG Oscillator I/O board until the 
counter reading is 3846 MHz +300 kHz. 

Repeat above steps several times as R42 (on the driver 
board) and R93 (on the I/O board) affect each other. 

When completing the YTO Main Tune adjustment, disconnect 
the frequency counter from the output of the 3.9 GHz LPF 
section (MEP-351) and connect the output to the original 


cable. 


YTO Main Span accuracy adjustment 


(a) 


Set up the TR4172 as follows: 


{_] 


MASTER 
_RESET 


MH 
FREQ. sec 
MHz 
=) (ee 
SPAN sec 


Lie=253 


(b) Set up the synthesized signal generator output for 500 MHz 


and a level of ~-10 dB, and couple it to the input of the 
TR4172. 


(c) Center R98 on the YIG Oscillator I/O board. 

(d) Adjust R101 on the YIG Oscillator I/0 board so the signal 
responses are positioned to the leftmost, center, and 
rightmost graticules on the screen as shown in the 
following figure. 

When R101 is adjusted, however, R86 and R92 on the 3rd 
Local I/O board also require adjustment. (See page 11-58) 


500 MHz Input Signal 


REF -10.0 dBm ATT 10 dB 
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i li ii 
Bee e Risk. 


SWP 190 me SPAN 1000 Miz CENTER SOO MHz 


Fig. 11-43 YTO main span adjustment (1) 


(e) Apply the 50 MHz STD. (CAL.) signal to the TR4172 input. 
Update the TR4172 panel setup as follows: 


MASTER 
reser 
Pa | | @ 
FREQ. sec 
i MHz 
a Lo }Le Jc J} s 
SPAN sec 
MHz 
( Jts Jle]} « 
sec 
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(£) Adjust R98 on the YIG Oscillator I/O board until the marker 
‘is positioned at the peak of the 50 MHz CAL. signal 


response. 


SWP Be SPAN 2000 MHz CENTER 1000 HHz 


Fig. 11-44 YTO main span adjustment (2) 


(5) YTO FM tune and span accuracy adjustment 
(a) Connect the output of a marker generator to the TR4172 
input. Setup the marker generator output for a 1 MHz comb 
signal with fullpower around 0 dBm. Update the TR4172 
panel setup as follows: 


(_) 


MASTER 
RESET 


CENT. m MHz . 
Eee 
FREO. mie 
Be 
At hes") (Cent. Freq. Repositioning Cancel) 


SHIFT = LABEL 
ES 
EI 
msec 


BES. BY 

(b) Adjust R59 on ene YIG Oscillator Driver board until each 
response of the 1 MHz comb signal is positioned at each 
vertical graticule on the screen. (See Figure 11-44.) The 
signal response on the screen can be shifted horizontally 


by pressing CENT. FREQ. key and then using the DATA knob. 
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(c) 


(d) 


(e) 


(£) 


SWP 2 « SPAN 10 MHz CENTER S.0 MHz 


Fig. 11-45 YTIO FM tune adjustment (1) 


Disconnect the TR4172 marker generator, then set center 


frequency to 0 MHz. Press ( feev) (re) 
a UNE 


SHIFT LABEL 


Ries [accu] to set Step FM to 2000. 
usec 


Adjust R94 on the YIG I/O board until the voltage across 
TP-2 and TP-6 (GND) on the same board is -5.000 V +3 mV. 


; Hz 
Adjust Step 3RDA (by pressing [ (ee) ESE 
Lisi EXT. 


SHIFT LABEL 
and using the DATA knob) or Step Main (by pressing 


Hee) pe} Bas using the DATA knob) to center 
SHIFT LABEL = INT. 


the local feedthrough. 


Hz a 
prese{] (213-1 } Reretne 
SHIFT LABEL epi UNE usec 


changing the Step etting to 0, 2000, and 4000 by 
em | Hi 
Se 8 ea 


ee ee R64 on the YIG Oscillator 
psec 


Driver board so the local feedthrough is positioned to the 
rightmost, center, and leftmost graticule on the screen, 


respectively. 
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Fig. 11-46 YTO FM tune adjustment 2) 


(g) Set the POWER switch to STANDBY. Remount the YIG 
Oscillator I/O board in its original slot (without the 


extender board). Set the POWER switch to ON again. 


11-6-5. 3rd Local I/O Adjustment (Board No. BGN-010221) 
(Circuit diagram No. 39) 
Instruments required: * Digital voltmeter 
* Marker generator 
(1) Reference voltage adjustment and adjustment of Tune D-A, B, C 
(a) Set the POWER switch to STANDBY, then remount the 3rd Local 
I/O board (BGN-010221) in its slot via an extension card 
(22 pins). The cables connected to the on-board connectors 
should be left as they are. Set the POWER switch to ON 


again. 
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Fig. 11-47 3rd local I/O adjustment (BGN-010221) 


(b) Connect the digital voltmeter across Tp-4 and TP-7 (GND). 
Adjust R97 until the voltmeter reads 10.000 V +3 mV. 


(c) Set up the TR4172 as follows: 


MAASTER 

RESET 
kHz 
Bie 

ee 


ZERO SPAN 


SHIFT 


eee 


(2|e3| 4] 


2) ace [+] 
SINGLE EI 


(d) Check the voltage across TP-7 (GND) and TP-1, TP-2, and 
TP-3. Adjust R90, R96, and R98 until the voltage at each 


SHIF ae) 


test point is 5.000 V +3 mV. 
(2) Gain and offset adjustment for Sweep A (20 MHz VCO) Tune 
(a) While the TR4172 is set up as shown in paragrapb (1)-(c), 


change Step 3RDA to 0, then 2000 (by operating 
Hz SHIFT LABEL 


—dBm c , then using the DATA knob). Adjust R87 so 
ysec 
EXT. 


the output voltage change at J165 is within +4.000 V 
when Step 3RDA is changed from 0 to 2000. 


SB sh ol 


H2 


(b) Set Step 3RDA to 1000 (by pressing —d8m ee 


SHIFT LABEL —_. 


then using the DATA knob). Change Step 3RDB into 0, then 


100 (by pressing eI —d8m o , then using the 


SHIFT LABEL VIDEO 


DATA knob). Adjust R88 so the output voltage change at 
J165 is within +20 mV when Step 3RDB is changed from 0 
to 100. 

(c) Set Step 3RDB to 50 (by pressing | ~ dam Er ; 


ec 
SHIFT LABEL aie VIDEO 


then using the DATA knob). Change Step 3RDC into 0 and 100 


e H . 
(by pressing (ea) ees — dam [ele , then using the DATA 
usec 
SHIFT LABEL SINGLE 


knob). Adjust R89 so the output voltage change at J165 is 
within +2 mV when Step 3RDC is changed from 0 to 100. 
(d) Set Step 3RDC to 50 (by pressing( |[ _| ai 


sec 
SHIFT = LABEL a “SINGLE 


then using the DATA knob). At this time, Steps 3RDB and 
3RDA are set at 50 and 1000 respectively. Adjust R85 until 
the output voltage at J165 is 5.000 V +5 mV. 
(3) Gain and offset adjustment for Sweep B (2 MHz VCO) Tune 

(a) Set frequency span to 50 kHz. 

(b) Set Step 3RDA to 500, then 1500. Adjust R94 so the output 
voltage change at J166 is within +4.000 V. 

(c) Set Step 3RDA to 1000. Set Step 3RDB to 0 then to 100. 
Adjust R93 so the output voltage change at J166 is within 
+40 mV when Step 3RDB is changed from 0 to 100... 

(d) Set Step 3RDB to 50. Set Step 3RDC to 0, then to 100. 
Adjust R95 so the output voltage change at J166 is within 
+4 mV.: 

(e) Set Step 3RDC to 50. Step 3RDB and 3RDA are set at 50 and 
1000 respectively. Adjust R91 until the output voltage at 
J166 is 5.000 V +5 mV. 
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(4) Sweep A and B span accuracy adjustment 
(a) Set up the TR4172 as follows: 


[_] 


MASTER 
RESET 


MH? 
CENT. 
: 
S) C +aBm 
paSts aed 
(b) Connect marker generator output to the TR4172 input. Set 
the marker generator output to 50 kHz comb signal of full 
power about 0 dBm. 


(c) Adjust R86 so the 50 kHz comb signal responses are aligned 


to each vertical graticule on the screen as shown below. 


20 kHz 
Comb signal 
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Fig. 11-48 Span accuracy adjustment 


(d) Set frequency span to 50 kHz. Set the marker generator 


output to 5 kHz comb signal. 

(e) Adjust R92 so the 5 kHz comb signal responses are aligned 
to each vertical graticule on the screen, 

(£) Set the POWER switch to STANDBY. Return the third Local 
I/O board into its original slot, then reset the POWER 
switch to ON. 
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11-6-6. Counter Adjustment (Board No. BLJ-010131) MEP-349 
(Circuit diagram No. 74) 
Instruments required: * Digital voltmeter 
. * Function generator 
(1) -1.8 V power supply adjustment 
(a) Set the POWER switch to STANDBY, and remove the counter 
section (MEP-349) from the chassis. Use extension cables 


to establish the original electrical connections between 


the counter section and the analyzer mainframe (see 


Figure 11-49). 


Fig. 11-49 Counter adjustment (MEP-349) 


(b) Set the POWER switch to ON. Connect the digital voltmeter 
to TP-l1 on the board, and adjust R80 until the voltage at 


Tieeeo't 


(2) Schmitt trigger sensitivity adjustment 


(a) 


(b) 


(c) 


(e) 


Set up the TR4172 as follows: 


pa) 


MASTER 
RESET 


PAN <e 
=| 


CT. G. cntr 


SHIFT CNTR RESOLN 
Hz 
usec 


SHIFT 


—dBm 
SHIFT LABEL 


| ae Ps 
SHIFT LABEL 5 
Disconnect the cable between the counter input A and TG 
AUX, then apply the function generator output to the a 
counter input A. Set up the function generator output for 


a 100 kHz sine wave and -20 dBm output level. 


Press Ca to count the input signal frequency to the 
MARKER 


counter. While gradually reducing the function generator 
output level adjust R75 until the maximum counter 
sensitivity (at which the counter readout does not flicker) 
is obtained. | 

Set the POWER switch to STANDBY. Return the Counter 
section into its original position in the chassis, then 


reset the POWER switch to ON. 


11-6-7. RF Section Adjustment (Board No. BLP-010133) MEP-345 


(Circuit diagram No. 53) 


Instruments required: * External spectrum analyzer 


* High impedance probe 


(1) Second local OSC (1840 MHz) adjustment 


(a) 


Using the external spectrum analyzer, observe the signal 
response at J20 (second local output of 1840 MHz for TG). 
Turning C237 will change the oscillation frequency and peak 
level of the second local OSC output as shown below. Set 
C237 to the point where the oscillator output level is 1 GB 


below its peak. 


aoe 


ee Oscillation start 


Oscillation start 
4 Nae ers stop 


i Specified point 


Level Vie 
i 
Frequency 


Fig. 11-50 Second local OSC adjustment 


a 


RF Block (MEP-345) 


ae te 51 Location of adjustment and connectors on RF block (MEP-345) 


(b) Adjust C239, C240, C253, C254, C255, C257, and C264 several 
times until the maximum output level at 1840 MHz is 
attained. 

(c) Adjustment of step (b) will slightly affect the adjustment 
of step (a). Adjust C239 again so the oscillation level is 
positioned to 1 dB below the peak oscillation level. 


(d) Restore the original connection to J20. 


i=" 65 


(2) Fourth local OSC (33.33 MHz) adjustment 
(a) Using the external spectrum analyzer, observe the signal 
‘ response at J23 (fourth local OSC output of 33.33 MHz, 

approximately 0 dBm for TG). Adjusting L430 will change 
the oscillation frequency and peak level. Set 1430 to the 
point where the oscillation level is 0.5 dB below the peak 
level. 

(b) Adjust L432 until the maximum output level is attained. 

(c) Using the external spectrum analyzer, observe the signal 
response at J24 (fourth local OSC output of 33.33 MHz, 
approximately -10 dBm for counter). Adjust 1433 until the 
maximum output level is attained. 

(d) Remove the shield case cover from the fourth local block in 
the RF Section (MEP-345). Using the external spectrum 
analyzer with a high impedance prove attached, observe the 


Signal response at the Q25 collector. Adjust C375 until 


the maximum observed signal level is attached. 


| C341 C340 
Fig. 11-52 Location of adjustment and connectors on RF block (MEP-345) -2 


(e) Restore the original connections for J23 and J24. 


ll - 64 


ee 


(4) 


Third local amplifier (176.3 MHz) adjustment 


Using the’external spectrum analyzer with the high impedance 


probe, observe the signal response at the L415 center tap. 


Adjust C304 until the maximum observed signal level (at 


approximately 176 MHz) is attained. 


Second IF B.P.F. (206 MHz) adjustment 


(a) 


(b) 


Fine tune level deviation is adjusted by adjusting this 
filter. Set up the TR4172 as follows: 
Connect the TRACKING GENERATOR OUTPUT to INPUT-1, then 


press as follows: 


Ad Vues 6292 11G293,..0294, C295, °C296, and C297 so the ripple 
is less than 0.3 dBp-p, being careful to keep the symmetry 
of the signal response and its level as high as possible 


(see the following figure). 
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REF -12.3 dBe ATT 10 dB 


SWwP 4 6 SPAN SOO kHz CENTER 900.000 MHz 


Fig. 11-53 2nd IF BPF adjustment 


(5) Third IF B.P.F. (30.0 MHz) adjustment 


(a) 


(b) 


Set up the TR4172 as follows: 
Connect the CAL OUT to INPUT-1. 


INPUT ATT. 
ZERO SPAN 


MHz 
dB 
RES. BW 
SH¥T LABEL tf 
Using the external spectrum analyzer with the high 


impedance probe, observe the signal response at the Q19 
collector on the board. Set the center frequency of the 


external spectrum analyzer to 30.00 MHz. 


ti-= 66 


(c) 


Hz 
Press eee (|= )e2 then change the Step FM 
usec 
UNE 


SHIFT LABEL 


. setting with the DATA knob. Adjust C310 and C312 so the 


observed 30 MHz B.P.F. response (two stages) is centered 
around 30.00 MHz and its maximum level is attained. (See 
Figure 11-54.) A slight ripple within the pass bandwidth 


may be ignored. 


Pass bandwidth 
ripples 


SWP 100 ms SPAN 10 MHz ; CENTER 30.0 MHz 


Fig. 11-54 30 MHz B.P.F. (two stages) adjustment 


(d) 


Using the external spectrum analyzer with the bigh 


impedance probe, observe the signal response at the 
connection between C355 and C356. Press (ae) (ea) —dBm 


B, then use the DATA knob to change the Step FM 


’ 
LUNE 


setting. Adjust C342, C343, and C344 so the observed 
30 MHz (three stage) B.P.F. response bas a 1 MHz 0.5 dB 
bandwidth and.a maximum level of about 30.00 MHz is 
attained. (See Figure 11-55.) Step FM will change in 


2 kHz steps. If a smaller frequency stepping is desired, 


Hz 
ree (SI 
SHIFT LABEL su EXT. 


ile 467 


More than 1 MHz 


RBW 

30 kHz i 
VBW 

30 kHz 


Fig. 11-55 30 MHz (three stage) B.P.F. adjustment 


‘| kHz ‘ 
(e) Press (ae (Bem fon) (oR) +08m | to change resolution 
RES. BW OSs 


bandwidth to 300 kHz. As in step (4), adjust C338, C339, 


C340, and C341 so the filter response has a 0.5 dB 
bandwidth greater than 300 kHz and its maximum level is 


about 30.00 MHz. 


More than 300 kHz 


CENTER 30.00 HH 


Fig. 11-56 30 MHz B.P.F. adjustment (four stages) 
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(6) 


(£) 


Remount the shield case cover removed in paragraph 2. 


Resolution bandwidth 1 MHz, and 300 kHz level deviation 
adjustment 


(a) 


(b) 


Connect the CAL OUT connector on the TR4172 to its INPUT-1 


connector, then set up the instrument as follows: 


SHIFT LABEL BACK SPACE 


wa {LS JLe ) @ 
08 
FREQ. sec 


Through the above setup, the signal response at a 300 kHz 
resolution bandwidth is viewed on TRACE A, while that at a 
1 MHz resolution bandwidth is viewed on TRACE B. Adjust 
R221 until the signal level at 1 MHz resolution bandwidth 
is identical to that at 300 kHz resolution bandwidth. 


1-99 


ma 


44 to900e (e) . : 


® ) eT 


(7) Total gain adjustment 


(a) Connect the CAL OUT. to INPUT-1, then set up the TR4172 as 
follows: 


SHIFT LABEL BACK SPACE 


welt 
FREQ. te 
= Z 
SPAN Se 
kHz 
ez 
RES. BW SSE 


PEAK SEARCH 


(b) Adjust R151 until the marker level readout is -20.0 dBm 
+0.1 @B. 


11-6-8. Tracking Generator ! Block, Adjustment (MEP-346 circuit diagram No. 54) 
(Board and circuit Nos. 
Tracking Generator-1 BLJ-010128 No. 55 
Tracking Generator-2 BLJ-010129 No. 56 
Tracking Generator-3 BLJ-010130 No. 57) 
Instruments required: * Spectrum analyzer 
* Signal generator 
* High impedance probe 
(1) 3.33 MHz local OSC adjustment 
(a) Set the POWER switch to STANDBY, and remove the TG block 
(MEP-346) from the chassis. For quick removal, temporarily 
remove the standard block (MEP-342) and counter switch 
(MEP-349) before removing the TG block. Use extension 
cables to establish the original electrical connections 
between the TG block and the analyzer mainframe. (See 
Figure 11-57.) 
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(b) 


Cc) 


Fig. 11-57 MEP-346 removal 


Set the POWER switch to ON. Set the T.G. FREQ. ADJ control 
on the front panel to the center position. Then press 
PHASE to select the phase measurement mode. 

Connect J40 (3.33 MHz local output for phase) on the 
Tracking Generator block to the counter to count its output 
frequency. Adjust C122 on Tracking Generator-2 (BLJ-010129) 


until the counter readout is 3.333333 MHz +5 Hz. 


t= 71 


2) 


30 MHz B.P.F. adjustment 


(a) 


Cb) 


(c) 


Press MASTER RESET to initialize the TR4172, then press 
T.G. to activate the TRACKING GENERATOR OUTPUT. 

Connect the external spectrum analyzer to J35 (206 MHz IF 
output) on the Tracking Generator block (MEP-346) to 
observe its signal response. At this time, set up the 
external analyzer for a 206.33 MHz center frequency. 
Connect the output of a signal generator to J38 (33.3 MHz 
local input) on the Tracking Generator block (MEP-346). 
Set the signal generator output at 33.33 MHz +5 MHz, 


approximately -5 dBm. 


1B teat #3 


: 7-2 
Seer et’ 6s Fy 


iaceh ASTEAM Ge 
* > > > 
; di - 
HG2. S37-8I9S8 o2 aT im 
pics eg3 -seeane5 
fas (jootge 


ia yeede 


(3) 


(d) 


(e) 


The 30 MHz B.P.F. response can be observed at the J35 


(206.33 MHz) IF output by changing the output frequency of 


the signal generator. Adjust C156, C159, and C162 until 
the filter response is symmetrical around 206.33 MHz and 
its maximum level is attained. A slight ripple within the 


pass bandwidth may be ignored. 


SWP SO ms SPAN 10 MHz CENTER 206.3 MHz 


Fig. 11-58 TG 30 MHz B.P.F. adjustment 


Disconnect the signal generator from J38 on the Tracking 
Generator block (MEP346), and restore the original 


connection. 


206 MHz B.P.F. adjustment 


(a) 


(b) 


This adjustment should be made directly after the 30 MHz 
B.P.F. adjustment. Connect the output of the signal 

gener ator to J36 (176 MHz local input) on the Tracking 
Generator block (MEP-346). Set the signal generator output 
to about 176.33 MHz +10 MHz, +5 dBn. 

The 206.33 MHz B.P.F. response can be observed at the J39 
(206.33 MHz IF output) by changing the output frequency of 
the signal generator. Adjust C179, C184, and C185 until 
the filter response is symmetrical around 206.33 MHz and 


its maximum level is attained. (See Figure 11-59.) 
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Fig. 11-59 TG 206 MHz B.P.F. adjustment 


Disconnect the signal generator from J36 of the Tracking 
Generator block (MEP346) and restore the original 
connection. Also disconnect the external spectrum analyzer 


from J35 and restore the original connection. 


TG output 2046 MHz trap adjustment 


(a) 


(b) 


(c) 


(d) 


Remove the shield case cover from the Tracking Gener ator-] 
block (BIF-010128). 
Update the TR4172 panel setup as follows: 


i) 


MASTER 
RESET 


ZERO SPAN 


SHIFT 


Connect the external spectrum analyzer to the TRACKING 
GENERATOR OUTPUT of the TR4172 to observe the T.G. output 
signal response. Set up the external analyzer for a center 
frequency of 2046 MHz. 

Adjust C120 on the Tracking Generator-1 block until the 
2046 MHz signal response level (TG final IF leakage) 


observed on the external analyzer is minimized. 
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(5) 


(6) 


(e) 


Remount the shield case cover on the Tracking Generator-1 


block. 


TG output frequency response compensation 


~ (a) 


(b) 


Fig. 


-€105 on the Tracking Generator-1 block (BTF-010128) is a TG 


output frequency response compensating adjustment which is 
particularly effective for the frequency range above 

1000 MHz. 

Check the TG output frequency response with a power meter 
or the external spectrum analyzer, and adjust C104 until 
the level in the frequency range above 1000 MHz is almost 


the same as that in the range between 10 and 1000 MHz. 


Adjust to make the 
frequency response 
flat up to 1.8 GHz. 


11-60 TG output frequency response compensation 


TG output level accuracy adjustment 


(a) 


(b) 


(c) 


Set the POWER switch to STANDBY. Return the Tracking 
Generator block (MEP-346) to its original position in the 
chassis. 

Set the POWER switch to ON again, and warm up the 
instrument for at least 30 minutes. 


Set up the TR4172 as follows: 
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MASTER 
RESET 
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sec 
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SPAN 
ZERO SPAN 


SHIFT 


(d) Connect a power meter directly to the TRACKING GENERATOR 
OUTPUT connector on the TR4172 to check the T.G. output 
level. Adjust R55 in the Tracking Generator-1 block until 


the T.G. output level is -10 dBm +0.1 dB. 
11-6-9. 3rd Local Block Adjustment (MEP-347 circuit diagram No. 58) 


Board and circuit diagram Nos. 2 MHz VCO BLC-010102 No. 62 
39 MHz Mixer BLC-010100 No. 60 


3rd local PLL BLC-010103 No. 63 
23 MHz VCO BLC-010101 No. 61 
176 MHz Mixer BLC-010099 No. 59 


Instruments required: * Signal generator 
* Spectrum analyzer 
* Standard DC voltage source 
* Digital voltmeter 
* Frequency counter 
(1) 23 MHz VCO voltage-frequency gain adjustment and frequency 
variation ratio adjustment 
This paragraph provides an alignment procedure, when the 
oscillator FET or varicap for the VCO (230 MHz +10 MHz) was 
replaced due to defect. 


The voltage-frequency response of the VCO before compensation 1s 


shown in the following figure: 
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Varicap reverse voltage 


Fig. 11-61 Voltage-frequency response of the VCO 
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In order to use the constant-variation portion of the response, 
the reverse voltage applied to the varicap is set at about 8 V. 
As a result, the frequency variation ratio before compensation 
is within approximately 5% of the given voltage range. 

For adjustment, vary the offset voltage for the varicap to 

search for the best point of frequency variation ratio before 

compensation, then fix the offset voltage there. The voltage is 
normally 8 V +0.5 V. Adjust the oscillation frequency at that 
voltage (the center of the variable frequency range). Then 
adjust the VCO voltage-frequency gain response in the range 
which will not be subject to compensation. In the range where 
compensation is required, adjust the voltage at which 
copensation becomes effective. Some varicap may not require 

any compensation. Whenever unsoldering is required for a 

circuit component, be sure to switch off the instrument. 

(a) Remove the shield case cover from the 23 MHz VCO. 
Disconnect the input connection from the 3RDA S. IN, and 
connect a standard DC output to it. Set the DC output to 
5.000 V. Remove the two jumper wires (at D26 and D30) from 
the board. 

(b) Adjust R80 until the voltage at TP-1 is 0.00 V. 

(c) Check the voltage across C105 and ground, and adjust R48 
until the voltage is -8.0 V. 

(d) Set C105 to its center position. Connect the frequency 
counter to J182 on the board. 

(e) Adjust the length of L175 until the counter readout is 
around 23.00 MHz. Make fine adjustment with C101 until the 
frequency reading is exactly 23.0000 MHz. 

(£) While increasing the output DC from 3 to 7 Vin 1V 
steps, adjust R88 so the frequency increases at 250 kHz 
steps. 

(g) Increase the DC output from 1 to 9 V in 0.5 V steps 
(125 kHz steps) to observe the overall frequency veriation 
ratio. Adjust the varicap offset voltage (-8 +0.5 V) with 
R48 so the overall frequency variation ratio is small and 
the portion requiring no compensation exists in a range 
from 1 to 5 Vor 5 to 9 V. The desirable overall frequency 


Variation ratio is less than 24. 
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(h) 


(i) 


(3) 


(k) 


(1) 


(m) 


When compensation is required for the voltage range between 


5 and 9 V, install the jumper wire for D30; when that for 


the voltage range between 1 and 5 V is required, install 


the jumper wire for D26. It is preferred that compensation 
be made to only one of the two voltage ranges. 

Set the DC output to 5.000 V, and adjust C101 again until 
the frequency is 23.0000 MHz. When compensation is made to 
the voltage range between 1 and 5 V, set the DC output to 
9.000 V, and adjust the voltage-frequency gain response in 
the range which has not been subject to compensation (when 
compensation was made to the voltage range between 5 and 

9 V, set the DC output to 1.000 V). Adjust R88 until the 
frequency is 22.000 MHz (when the standard DC source is set 
at 1.000 V, set the frequency to 24.0000 MHz). 

Adjust the voltage-frequency gain response in the range 
subject to compensation. Set the output of the standard DC 
source to 1.000 V, and adjust R92 until the frequency is 
24.0000 MHz (or set the voltage source to 9.000 V, and 
adjust R99 until the frequency is 23.0000 MHz). 

While increasing the DC output from 1 to 9 V at 0.5 V steps 
(125 kHz steps), verify that the overall frequency 
variation ratio is less than 22. 

If the error without compensation is less than 2%, leave 
the two jumper wires detached. 

Disconnect the DC source from the 3RDA S. IN and restore 
the original connection. Remount the shield case cover on 


the VCO block. 
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Fig. 11-62 Location of adjustments on the 23 MHz VCO (BLC-010101) 
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(2) 


2 MHz VCO voltage-frequency gain adjustment and frequency 


variation adjustment 


Adjustment of the 2 MHz VCO is similar to that for the 23 MHz 


VCO described above. 


(a) 


(b) 


(3) 


(d) 


(e) 


(£) 


(g) 


(h) 


(i) 


GP) 


Remove the shield case cover from the 2 MHz VCO block. 
Disconnect the input connection to the 3RD B S$ IN, and 
connect the DC output. Set the output to 5.000 V. Remove 
the two jumper wires (at D36 and D40) from the board. 

Check the voltage at TP-l1, and adjust R91 until the voltage 
is 0.00 V. 

Check the voltage across C115 and GND, and adjust R58 until 
the voltage is -8.0 V. 

Set Clll to the center position. Connect the frequency 
counter to J19l1 on the board. 

Adjust the length of L185 until the counter readout is 
about 2.00 MHz. Make finer adjustment with Clll until the 
frequency reads exactly 2.0000 MHz. 

While increasing the DC output from 3 to 7 V at 1V 
intervals, adjust R99 so the frequency increases at 25 kHz 
intervals. 

Search for the varicap offset voltage (normally 8 V +0.5 V) 
which gives the optimum frequency variation ratio, by 
adjusting R58. The desirable frequency variation error is 
less than 22. 

When compensation is desired between 5 and 9 V, install the 
jumper wire on D403; when compensation is desired between 1 
and 5 V, install the jumper wire for D36. It is preferred 
that pumpenesti on be made to only one of the voltage ranges. 
Set the output of the DC source to 5.000 V, and adjust Clll 
again until the frequency is 2.0000 MHz. 

Adjust the voltage-frequency gain response for the 
uncompensated portion with R99. When compensation is made 
between 5 and 9 V, adjust R212; when compensation is made 
between 1 and 5 V, adjust R108. Verify that a voltage 
variation from 1 to 9 V causes a frequency variation from 
2.1000 to 1.9000 MHz, and the overall frequency variation 


error is less than 2%. 


fle 6) 


raa¥ 6, OOLS aautbs 


J iavavs sit Sea —— Fecal 


7 > =. , 
‘= ¢ 

Raeenjies me 
ae Pa * on 7 
—- wr ae A _ 5 


7 


ran! 


imtba @ieg esceupeTi<sgadion £ s 
aN ers 


lnsasecthe @ t 
r2zl ieleol rere 2MM-S «dg 30 : she P 


“avods bedi-sni Oy : 
ead S.9tHe Bc2 averted © wy 
ap ¢ as (Seutesel 
sat Wweius Of ads Jone? : 
| $e) @atlv reget ow7 amg 
"Se enatio' ods dasd cay ‘ 
~-¥ 30.0 eg! 
'6¢ 2¢3 dsenD (a> 
scravicgy ens 
i502 LD sem 4B) 
0° TS3sHKru0es 
ed) JivibA Te) 
(00.5 Jace 
: vocsuages? 


mi slimy ¢3) 


2 


dazaet 4) 


» ‘ ) iZzgo 7 serw (a) 


jiTeqees Tar 
ofa 7 vgsvo of Za Ga) 
vpesl ody lisew oie 
perl -egat lov adg genkey (tb) 
iW 6 C8 Ste golsteq beageeenoml 
[16M geutbs ,v @ toe Seed 
.¢ ¢ how | sanpied 
‘ apeves ¥ U. ob £ pos? eslzanzay 


4 a 


Poe ted 


en wie com 


wx 


> 


(k) 
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If the error is less than 2% without compensation, the two 
jumper wires should be removed from the board. 

Disconnect the voltage source from the 3RD B S IN, and 
restore the original connection. Remount the shield case 


cover on the VO block. 
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Fig. 11-63 Location of adjustments on the 2 MHz VCO (BLC-010102) 


(3) 39 MHz mixer oscillator and B.P.F. adjustment 


(a) Remove the shield case cover from the 39 MHz mixer block. 


(b) 


Connect the external spectrum analyzer to J91 to observe 
the 39 MHz quartz oscillator output leaking from the 
Mixer. The leakage level should be approximately -40 dBm. 
While monitoring the level of the 39 MHz signal, gradually 
turn the L7] slug until the signal level is 0.5 dB below 


the original level. 


1D OT each = 


(cD 


Connect the signal generator output to J91. Set up the 
generator for a frequency of about 2 MHz +500 kHz, and a 


O dBm level. Connect the external spectrum analyzer to 


_J92, and observe the 41 MHz output signal. The output 


level should be approximately -10 dBm. 


(d) While varying the output frequency of the signal generator, 
observe the response of the 41 MHz B.P.F. with the external 
spectrum analyzer. Adjust C48, C51, C55, and C58 until the 
output level variation is less than 0.2 dB in the frequency 
range of 41 MHz +100 kHz, and the response is centered on 
that frequency. (See Figure 11-64.) 
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Fig. 11-64 41 MHz B.P.F. adjustment 

(e) The output level at J92 should be less than -10 dBm +0.5 dB 
at 41 MHz. The output level and B.P.F. bandwidth are 
affected by the distances between L72 and L73, and L74 and 
L75. Adjust these distances. 

(£) Restore the original connections for J9l1 and J92, and 


remount the shield case cover on the mixer block. 
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Fig. 11-65 Locations of adjustments on the 39 MHz mixer (BLC-010100) 


(4) 


176 MHz mixer oscillator and B.P.F. adjustment 

Whenever resoldering is required for circuit components, be sure 

to set the POWER switch to STANDBY. 

(a) Remove the shield case cover from the 176 MHz mixer. 
Disconnect the wiring to the COUN OUT and ON/OFF. Connect 
the standard DC output (+15 V) to ON/OFF, and connect the 
external spectrum analyzer to the COUN OUT. Set up the 
external analyzer for a center frequency of 153.3 MHz. 

(b) While monitoring the level of the 153.3 MHz quartz 
oscillator output with the external spectrum analyzer, 
adjust C84 to position the level at 0.2 dB below the 


oscillation starting point as shown in the following figure. 


oN 


Oscillation: stop —— 


OserLiationstart 0.2aB 


Fig. 11-66 153.3 MHz quartz oscillator adjustment 
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(d) 


Ce) 


(£) 


Adjust L134 coil pitch so the maximum 153.3 MHz signal 
level is attained. 

Adjust the distance between L132 and L133 so the 153.3 MHz 
signal level is +2 dBm. Adjust only, L133 leaving L132 as 
Its. 

Connect the output of the signal generator to Jl61. Set up 
the signal generator output for a frequency of about 23 

+1 MHz and level of around -10 dBm. Disconnect the wiring 
from the RF OUT on the board, and connect the external 
spectrum analyzer. Since the output level at RF OUT is 
approximately +9 dBm, use the input attenuator in the 
external analyzer to prevent input overload. Set up the 
external analyzer for a center frequency of 176.3 MHz. 
While varyfing the output frequency of the signal 
generator, observe the response of the 176 MHz B.P.F. 
Adjust F166 and F167 so the output level variation is less 
than 0.5 dB in the frequency range of 176.33 +1 MHz, with 
the filter response symmetrical around the center frequency 


and the output level maximized. Adjust the peak level with 


C112. 


More than 2 MHz 


, a 


a cit se Me . 


Less than 0.5 dB 


SWP SO ms SPAN 6.0 MHz : CENTER 176.33 MHz 


Fig. 11-67 176 MHz B.P.F. adjustment 
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(g) Verify that the output level is approximately +9 dBm +1 dB 
at5176<.33.MHz. 
(b) Restore the original wiring and connections to the COUN 


OUT, ON/STANDBY, RF OUT, and J161, then remount the shield 


case cover on the 176 MHz mixer. 
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Fig. 11-68 Location of adjustments on the 176 MHz mixer (BLC-010099) 
11-6-10. 1st Local PLL Block Adjustment (MEP-348 circuit diagram No. 64) 


Block and circuit diagram Nos. 

100/101 MHz oscillator (BLC-010115) No. 67 
100/101 MHz OSC PLL (BLB-010120) No. 72 

ANALOG PHASE DETECTOR (BLB-010117) No. 69 
DIGITAL PHASE DETECTOR (BLC-010118) No. 70 

PLL filter (BLB-010119) No. 71 

1st local PLL mixer (BLB-010116) No. 68 

2-4 GHz local PULSE GENERATOR (BTB-010114) No. 66 
Isolation amplifier (BTB-010113) No. 65 


Instruments required: * Spectrum analyzer with tracking generater 


+ 


Standard DC voltage source 


+ 


High impedance probe 


+ 


Oscilloscope 
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(1) 100/101 MHz OSC PLL adjustment 


(a) 


(b) 


(c) 


(d) 


Ce) 


Remove the shield case cover from the 100/101 MHz OSC PLL 


block. Using the external spectrum analyzer with a high 


impedance probe attached, observe the signal response at 


the Q12 collector on the board. Set up the external 
analyzer for center frequency of 35 MHz. 


Set up the TR4172 as follows: 


a 


MASTER 
RESET 


MHz 
FREQ. sec 
on ef 
SPAN 2 “dls 


Check the 35 MHz signal level with the external analyzer, 
and adjust L131, L132, and L133 until the maximum signal 
level is attained. 

Observe the signal response at the Q14 collector with the 
external analyzer. At this time, set up the external 
analyzer for a center frequency of 105 MHz. Adjust L134, 
C96, and C98 until the maximum 105 MHz signal level is 
attained. 

Remount the shield case over on the 100/101 MHz OSC PLL 
block. 
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Fig. 11-69 Locations of adjustments on the 100/101 MHz OSC. PLL 
(BLB-010120) 


(2) 100/101 MHz OSC adjustment 
(a) Remove the shield case cover from the 100/101 MHz OSC 
block. Set the POWER switch to STANDBY, disconnect the 
wiring from the 100/101 MHz PLL IN terminal, and connect 
the standard DC output to the terminal. Set the output to 
approx 9.7V 
(b) Set the POWER switch to ON, and set up the TR4172 as 


follows: 


MHz 
FREQ. sec 
5 +dBm 
phe 


(101 MHz Oscillator oscillates) 


ii =) 8§ 


(c) 


(d) 


Ce) 


Ce) 


(g) 


(bh) 


(i) 


oe 


Connect the external spectrum analyzer to J116 and observe 
the output signal response. Since the output at J116 is 
101 MHz in frequency and +23 dBm in level, use the input 
attenuator of the external attenuator to prevent input 

over load. 

Adjust C82, C87, and C88 until the 101 MHz signal level is 
Maximized. Repeat this adjustment several times as C87 and 


C88 affect each other. 


CENT. MHz : 
Press : dB {to activate the 100 MHz 
FREQ. bi 


oscilator. Verify that the difference in the output signal 
levels (at J116) at 100 and 101 MHz is ae more than 1 dB. 
If the difference is more than 1 dB, adjust C82, C87, and 
C88 again. 

Set the POWER switch to STANDBY. Restore the original 
wiring to the 100/101 MHz PLL IN terminal and J116. 

Set the POWER switch to ON, and warm up the instrument for 
at least 10 minutes. Set up the TR4172 as in step (b) to 
activate the 101 MHz oscillator and phase lock. 

Check the voltage across TP-1 and GND, and adjust X112 


until the the voltage is +3.5 V. 


MHz . 
Press C=]| = | activate the 100 MHz 
sec 


oscillator and phase lock. 
Check the voltage across TP-1 and GND, and adjust X111 to 
obtain +3.5 V 
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(k) Remount the shield case cover on the 100/101 MHz OSC block. 


X111 C82 X112 


Fig. 11-70 Locations of adjustments on the 100/101 MHz OSC (BLL-010115) 
(Circuit diagram No. 67) 


(3) 2-4 GHz Pulse Generator (BTB-010114) adjustment 
(b) Disconnect the wiring from J69 (first local PLL P.G. 

output) on MEP-348, and instead, connect the external 
spectrum analyzer to this terminal. Set up the external 
analyzer for direct observation of the frequency range 
between 2 GHz and 4 GHz. Since the signal level at J69 is 
considerably high, use the input attenuator in the external 
analyzer to prevent input overload. 


(b) Set up the TR4172 as follows: 


ual} 


MASTER 

RESET 

CENT. ty 
me 


[Ss] OS 

(c) The above setup activates the 100 MHz comb signal. Adjust 
R13, C24, and C25 so the comb signal level is more than 
-25 dBm in the 2-4 GHz frequency range. The comb signal 
spectrum within this frequency range should bave minimum 
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Fig. 11-71 Comb signal adjustment 


MHz 
(d) Press Baw to activate the 101 MHz comb 


Signal. Verify that the comb signal level is more than 
-25 dBm in the 2.02-4.04 GHz frequency range. 
(e) Restore the original wiring to J69 on MEP-348. 


a 


a om J69 (COM OUT) 
Loe 


Fig. 11-72 Locations of adjustments on the 2-4 GHz 
Pulse Generator (BTB-010114) 


BLB-010117 


(4) Analog phase detector and PLL filter adjustment (, 7. ji0119 


Whenever resoldering is required for a circuit component, be 


sure to switch off the instrument. 


Dison Oi 


(a) Remove the shield case cover from the Analog phase detector 
and PLL filter block. Disconnect the wiring from the PLL 
OUT terminal on the PLL Filter board. 

(b) Using the external spectrum analyzer with a high impedance 
probe attached, observe the signal response at the Q16 
source on the Analog phase detector board. Update the 
panel setup for the TR4172: 


L) 


MASTER 


RESET 
MHz 
CENT. (E23) | : 
: 
OOD 
SPAN Saal 
Hz 
Ea hae Em (YIG LOCK 2 OFF) 
SHIFT LABEL AZzB 
Hz 
ea (|= |e (Tune FM Data (YIG I/0)) 
SHIFT LABEL as LINE 


(c) Adjust the DATA knob to change Step FM setting, and observe 
the beat signal response with an oscilloscope. 

(d) Confirm that the YTO beat signal is +0.6 V with the center 
voltage of 0 V. 


YTO Beat Signal +0.6 V 
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Center Voltage Qy. Approx. -0.6 V 


Fig. 11-73 Beat signal offset adjustment 
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(e) Press MASTER RESET switch. Disconnect the wiring from the 
D. IN and A. IN terminals on the PLL filter board. Connect 
the output of the tracking generator contained in the 
external spectrum analyzer to the D. IN terminal, and 
observe the signal response at D. OUT with the external 
analyzer. Set the tracking generator output level to 


about -10 dBm. 


ANALOG PHASE 


Q16 DETECTOR 
(BLB-010117) 
A.IN 
PLL FILTER 
D.IN (BLB-010119) 


L4| — 
L42 —: 
L43 — 


Fig. 11-74 Location of adjustments on the Analog phase detecter 
board (BLB-010117) and the PLL filter board (BLB-010119) 


(£) Observe the PLL filter response of 0-5 MHz. Confirm that 
the cutoff frequency is 200 kHz. 

(g) Connect the tracking generator output (of the external 
analyzer) to the A. IN terminal to observe the frequency 
band between 0 and 5 MHz. Adjust L42 until the trap 
frequency is 1 MHz. Adjust L41 until the trap frequency is 
CEM Zs 
Adjust L43 until the trap frequency is 500kHz 
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(h) Restore the original wiring to terminals D. IN and A. IN. 
Remount the shield case cover on the A phase detector and 


PLL filter block. 
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Block Test point and Adjustment item and 
. adjustment specifications 


Display om: *#5 V +0.05 V 
section power - +1 Se VatQeZeyV 
. supply ~ =15uV 20,010¥ 


(BGP-010198) - +25 V +0.01 V 
+15 V £0.01 V 


High voltage -3.000 kV 

power supply +12 kV to +13 kV 

(BLC-010-204) Intensity adjustment 
Focus adjustment 


CRT Driver Ji82-.01nF| R203 #75 V 

(BGK-010184) | J182 pin 5 R199 | +75 V 
R202 | Halation adjustment 

) R200 Pattern distortion adjustment 
R193 
R192 
R195 
R194 
R196 Intensity adjustment 
R201 Asting adjustment 
C261 R197. | Focus adjustment (center ) 

R198 | Focus adjustment (both sides) 
C248 Z-axis response adjustment 


| Y-axis adjustment 


| X-axis adjustment 


‘ee ]DATA knob adjustment 


D/A Converter | Q61 emitter R91 +10 V +10 mV 
(BGP-010188) 


0 V +5 V (Ramp output 


Peron voltage adjustment) 
) (BGP-010185) Scan time accuracy adjustment 
Analog sweep adjustment 


Rewriting position adjustment 


ANALOG I/0 R315, R311 Offset null adjustment 
(BPG-010186) R130, R134 |Log. Mag. Amp. adjustment 
R 
ee nae aye at |Phase Mag. Amp. adjustment 
R190, R188 Horizontal scale adjustment 
R183, R180 Vertical scale adjustment 
Y-axls gain R240 
Y-axis R236 
position Character adjustment 
X-axis gain R254 
X-aixs R256 
position 
COP eM Cee BP fe C363 Line generator adjustment 
R293, R306 Marker adjustment 
R174 Analog sweep positional 
) adjustment 
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Adjustment item and 
specifications 


Sample detector adjustment 
Positive detector adjustment 
Negative detector adjustment 
Y-axis A/D converter 
adjustment 

Slope detector adjustment 
X-axis A/D converter 
adjustment 


Test point and 
Sa 


A/D Converter 
(BGP-010187) 


3.3 MHz filter adjustment 
BW switching level adjustment 
ee linearity and gain 
adjustment 

DC offset adjustment 

Linear adjustment 

Linear step amp. 


LOG AMP 
(BLP-010231) 


adjustment 


IF -] 
(BLP-010229) 


C372,C3/6;, 
L592, L594 
First L601, C422 


1 MHz B.P.F. adjustment 


stage 

Second L604, C438 |/LC filter adjustment 
stage 

Third L607, C454 

stage 


€68419C5060,0 70529 
C552 
6482-0505. C528 
C551 
C486, C509, C532 
555 
10 dB R136 
20 dB R137 


Crystal filter frequency 
adjustment 

NCE yen ae filter balance 
adjustment 

yerystal filter frequency 
adjustment 


ae) 


Step amp. adjustment 


Total gain adjustment 
Inter-bandwidth level 
difference adjustment 


B.W. 10 kHz R205 
B.W. 93° kHz R235 
B.W. 10 Hz R319 


Birst.b5 14, 
stage 
Second L522, C457 
stage 


IF -2 
(BLP-0 10230) 


C filter adjustment 


Crystal filter frequency 
adjustment 

Crystal filter balance 
frequency 

Crystal filter 7 Hz 
adjustment 


C421, 


C702, C696, 


30 dB R139 
40 dB R140 
50 dB R220 
1 dB BAe 
2 dB R164 
4 dB R156 
8 dB 


Beep amp. adjustment 


1 dB step attenuator 
djustment 


i soG 


aad i 
c a Ld 
a ay" 
an ) bia SJakeg sea7 led 
incaten{ te ” . 
e-8T | e523 ered 
o-@7 | (¢etaro-oake 
o-{T 
Ts - 
2 | 
ta, 305 
'eroru-tieF 
/ 
iH F 


ae & 


(OGSe( sey 


Phat e 4 


Test point and Adjustment item and 
Block 
sete specifications 


ce 010230) 


12 | PHASE and 


GROUP DELAY 
(BLP-010205) 


RF power suppl 
(BLF-010370) 


50 MHz STD 
(BLB-010135) 


LI21, 
Lize, 11255 L126 
R61 


ATT 1/0 
(BGN-0 10220) 


ViCeL/O 
(BGN-0 10219) 


YIG Driver 
(BLC-010224) 


Sea oO L/0 
(BGN-010221) 


TP-4 
tM et 
8 eed 
LES 


R87, R88, 


ize 123% 


Inter-bandwidth level 
difference adjustment 


Offset null adjustment 

+10 V adjustment 

Ref. adjustment 

Control voltage adjustment 
Offset null adjustment 


13.3 MHz filter adjustment 


33.3 MHz filter adjustment 

30 MHz filter adjustment 

Output level adjustment 

Group delay offset adjustment 
Group delay offset fine adjustment 
Phase offset adjustment 


=i V, £060] Vi 
#12 V 

+15 V +0.01 V 
eoevetOeUl  V 
GND 


50 MHz tuning adjustment 


Output level adjustment 


Offset adjustment 
Frequency response 
compensation gain adjustment 


Offset null adjustment 
+10 V adjustment 

YIG main D/A adjustment 
YIG FM D/A adjustment 
YIG main gain adjustment 
YIG main span accuracy 
adjustment 

Overall span accuracy 
adjustment 


Offset null adjustment 

YIG main offset adjustment 
YIG FM gain adjustment 

YIG FM span accuracy 
adjustment 


+10 V adjustment 

Tune D/A A adjustment 
Tune D/A B adjustment 
Tune D/A C adjustment 
Sweep gain A adjustment 
Sweep offset A adjustment 
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Sweep gain B adjustment 
Sweep offset B adjustment 
20 MHz VCO span accuracy 
adjustment 

2 MHz VCO span accuracy 
adjustment 


3rd LO I/O 
(BGN-010221) 


-1.8 V adjustment 
Schmitt trigger sensitivity 
adjustment 


204 MHz OSC adjustment 


Counter 
(BLJ-010131) 


RF 
(BLP-010133) 


[recone local adjustment 


Four th local adjustment 


Third local amp. adjustment 


206 MHz B.P.F. adjustment 


30 MHz B.P.F. (1) adjustment 
30 MHz B.P.F. (2) adjustment 


]30 MHz B.P.F. (3) adjustment 


Inter-bandwidth level 
difference adjustment 
Total gain adjustment 


TG-2 
(BLJ-010129) 


130 MHz B.P.F. adjustment 


|206 MHz B.P.F. adjustment 


2046 MHz trap adjustment 
Frequency response 

compensation adjustment 
Output level adjustment 


TG-1 
(BTF-010128) 


Varicap offset voltage 
adjustment 

Linearity adjustment 
Voltage-frequency gain 
adjustment 

Offset voltage adjustment 
Oscillation frequency 
adjustment 


23 MHz VCO 
(BLC-010101) 


Varicap offset voltage 
adjustment 

Linearity adjustment 
V-£ gain adjustment 
Offset voltage adjustment 
Oscillation frequency 
adjustment 


2 MHz VCO 
(BLC-010102) 
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Test point and Adjustment item and 
ee ees 
25 | 39 MHz MIXER L71 39 MHz OSC adjustment 
(BLC-010100) C48, C51, C55, C58/41 MHz B.P.F. adjustment 
176 MHz MIXER 153 MHz OSC adjustment 


(BLC-0 10099) 153 MHz level adjustment 
176 MHz B.P.F. adjustment 


35 MHz tuning adjustment 


100/101 MHz 
PLL 
(BLC-010120) 


100/101 MHz 
OSCILLATOR 
(BLC-010115) 


2-4 GHz PULSE 
GENERATOR 
(BTB-010114) 


PLL FILTER 
(BLB-010119) 


105 MHz B.P.F. adjustment 


Level adjustment 
100 MHz OSC adjustment 
101 MHz OSC adjustment 


10 MHz Comb signal adjustment 


500 kHz trap adjustment 
1 MHz trap adjustment 
2 MHz trap adjustment 
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SECTION 12 
PERFORMANCE TEST 


12-1. GENERAL ’ 


This section describes the procedure for the performance test of TR4172 


spectrum analyzer. Major performance can be checked by using the CAL. 
OUT. (Calibration Output) signal of TR4172. 


12-2. PREPARATION AND GENERAL PRECAUTIONS 


Instruments and tools required for performance test and calibration are 


listed in Table 12-1. 
| WA et es Tools and Instruments Required for Performance Test 


Table 12-1 Tools and instruments required for performance test 


Deere ' F feat Recommended 
nstrumen peci fication Model 


Synthesized signal | Frequency range: 50 Hz to 1800 MHz 
generator: Output level: +10 dBm to -30 dBm 
Out put impedance: 50 2 
Output level flatness: +0.5 dB 
Frequency modulation: Internal 1 kHz 
Modulation 
depth: 10% 
Must be usable as an external reference. 


Frequency range: 100 kHz to 1800 MHz 
Out put level: +10 dBm to -30 dBm 

Out put impedance: 50 2 

Output level flatness: +0.5 dB 
Frequency accuracy: +0.01% 


(2) Signal generator: 
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Table 12-1 Tools and instruments required for performance test (Cont'd) 


‘ Py . Recommended 
| tserment | sectication | Resomermied 


Low distortion Frequency range: 100 kHz to 900 MHz 
signal generator 2nd harmonic: More than 70 dB of attenua- 
(or ordinary signal tion with respect to an 
generator plus output level of -10 dBm 
low-pass filter Out put level: -10 dBm 

may be used ): 


RF power meter : Frequency range: 100 kHz to 1800 MHz 
Sensitivity: -30 dBm to +20 dBm 
Accuracy: +0.2 dB 


Spectrum analyzer: | Frequency range: 100 kHz to 3.6 GHz TR4110/4111A 
(Takeda 


) . | 
Attenuator Frequency range: DC to 500 Z Riken) 


Attenuation: 0 to 110 dB at 10 dB steps 
Oetomlivds at. 1)dB step 
Ontoel.4. dpeat’ 0.) -dBestep 
Accuracy: +0.2 dB for 10 dB 
+0.02 dB for 1 dB 
+0.002 dB for 0.1 dB 


High isolation Frequency range: 10 kHz to 500 MHz 
power splitter: Loss: 6 dB 
Out put isolation: More than 30 dB 


Digital multimeter:| Maximum input voltage: 250 V anes 

Takeda 
Slidac transformer:| Variable voltage range: 80 to 250 V Rita) 
Stop watch 


Scale 


Table 12-2 Tools and jigs required for performance test 


Input cable MI-02 . BNC-BUC (Short )* 
Interconnecting cable MI-61 BNC-BNC (Long)* 
Interconnecting cable MC-37 BNC-SMA 
Interconnecting cable MM—- 14 SMA-SMA 
Interconnecting cable MC-36 BNC-UM 


Interconnecting cable MM-17 UM- UM 

N (P) to BNC (J) conver- | JUG201 JNG- 20A/U* 
sion adapter 

UM to UM linear adapter UM-QA-JJ 
SMA to SMA adapter HRM-501 


) Items marked with an asterisk (*) are standard 


supply accessories. 
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General Precautions 


(1) The instrument should be powered from an electrical outlet 
supplying the correct local line voltage of 100, 120, or 


220 Vac +10% or 240 Vac ie (50/60 Hz). 


(2) Before plugging the instrument into an electrical outlet, be 
sure to check that the POWER switch is set in the OFF position. 

(3) The ambient temperature under which calibration is to be 
performed should be between +20°C and +30°C, with relative 
humidity under 80%. The working ambient should be free from 


excessive dusts, vibration, or noise. 


PERFORMANCE CHECK USING CAL.OUT and T.G. OUTPUT 


General 


This paragraph describes basic performance check procedures for the 
TR4172 Spectrum Analyzer using the calibration and tracking- 


generator outputs of the Analyzer itself. 
Initialization 


Place the Analyzer in the initial power-on default state. This 


state may also be entered by pressing ( key on the front panel. 
MASTER 
RESET 


Auto Calibration 
The instrument can perform an error correction routine for changing 


resolution bandwidth. Before proceeding with performance check, be 


sure to execute the error correction routine as described below. 
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Connect the CAL. OUT. connector to the INPUT-1 connector (both 


on the RF section). Press (55a to initiate the 


HIF T LABEL 
error correction routine, in which level differences between 


each resolution bandwidth recorrected. 


TR4172 


BNC-BNC 
Cab le 


Fig. 12-1 Connecting the CAL.OUT. to INPUT-1 
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2-3-4. 


Impact Test 


Specification: The instrument must operate normally after its front, 


(1) 


(2) 


(3) 


rear, left side, and then right side is sequentially 
lifted to a height of 3 cm (with the opposite sides 
always resting on the test deck) then is dropped from 
this height on the deck. 

Make the following setup when the instrument is in the initial 


state. 


CENT. i) MHz 
Ejeaa FS 

FREQ. ie ‘| kH 
Bese FE 

i : msec 

Lift the front, rear, left side, and then right side of the 
instrument sequentially to a height of 3 cm (with the opposite 
sides always resting o the test deck) and drop each side from 
this heigh on the deck. Verify that no abnormality nor change 


is observed in its display information, indicator lamps, and so 


forth after the drop test. 


—_ 


REF -10.0 d8e 


AT 0 dB : 
ue? DPS Be ees 


RB 
1 kHz 


veW 
1 kHz 


WW We 
Fg SS la 
SWP 300 as kK CENTER SO.0000 MHz 


Fig. 12-2 CAL. OUT. signal response 
Next, connect the TRACKING GENERATOR OUTPUT connector to the 


INPUT-1 connector (both on the RF section), and set up the 


instrument as follows: 
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sec 


FREQ. MHz 
sec 
MHz 

ae 


T.G. LEVEL 

(4) Lift the front, rear, left side, and then right side of the 
instrument to a height of 3 cm (with the opposite sides always 
resting on the test deck) then drop each side on the deck from 
this height, and check to make sure that no abnormality or 
change is observed in the tracking generator output response 


shown on the display. 


P 


SWP SO ae SPAN 2000 MHz CENTER 1000 MHz 


Rue ala Tracking generator output response 
12-3-5. Display Area 


Specification: The display area should measure 100 mm by 120 m or 
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(1) Press the MASTER RESET key to return the instrument in the 


initial state. Press 7) and arbitrary keys to show label 


LABEL 


information on the display. 
(2) Check to make sure that the display area is more than 100 m by 


120 mm as shown in the following figure: 


ABCDEFGHI JKLMNOPQRSTUVWXYZdJ kmnpez<>2#0123456789. sous,” 
REF -10.0_4B ATT 10 4B 


100 mm 
or more 


SPAN 1800 MHz CENTER 900 MHz 
120 mm or more 


Fig. 12-4 Display area 
12-3-6. CRT Raster and Orthogonality Distortion 


Specification: Less than +1 mm 

(1) While the instrument is in the initial state, check the raster 
edges against the graticule either visually or with a scale. 

(2) Check to make sure that the barrel or pincushion distortion, if 


any, is less than 1 mm with respect to the standard pattern 
scale included in the maintenance kit. 
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1 mm or less 


iE mm or less 
- 1 mm or less 1 mm or less 


Fig. 12-5 CRT raster and orthogonality distortion 


| Plat all Trace Align 


Specification: Variable over +3 degrees or more. 
(1) While the instrument is in the initial state, check graticule 


either visually or with a scale. 


* 3 degrees can be obtained by 
a gradient of 3 mm in 57 m 
as shown below. 
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Fig. 12-6 Trace align 


3" ll 
3 ees 3mm 


-—_—_—_—— 57mm Se 


(2) After adjusting trace rotation to the normal state, check to 
make sure that it is variable over +3 degrees. The location of 


the adjustment is shown below: 


Zee. f 


f2-3-8. 


NEES ee 


INTENSITY 


~~ 
~ 
~ 
~N 


KS Screwdriver 


Fig. 12-7 Trace align adjustment 


Intensity and Focus Alignment 


Turn the INTENSITY control fully counterclockwise to make sure that 


the screen is completely blacked out. Gradually turn it clockwise 


and make sure that the display information starts dimly comes on 
when the control is around its center, and that display information 
can be observed at the maximum intensity but with no blur when the 
control is turned to the maximum (fully clockwise). Next, turn the 
FOCUS screwdriver adjustment to make sure that a correct and even 


focus is obtained over the entire screen. 
Frequency Span Accuracy 


Specification: Less than +3% when frequency span > 500kHz 
Less than +5% when frequency span S&S 500kHz 
(1) While the instrument is in the initial state, set it up as 


follows: 
MHz 
CENT. dB 
Jomo? 
MHz 
ms ray % 
some 


COT. G. CNTR 


SHIFT 


hac" 9 


(2) Next, press Lo to position the marker to the rightmost 


graticule. Press een and then LO to position the marker 


4 
all the way to the leftmost graticule. The absolute value of 


the delta (A) marker frequency readout obtained at that time 
indicates the actual frequency span, which should be within 
1000 MHz +30 MHz (+3%). Tbe YTO main tune accuracy can be 


known from this frequency span. 


FREQ. MHz : : 
(3) Press | cpay eee) (es) 4B (}; An active marker is 
sec 
4 


located on the leftmost graticule. Press [| to reposition 


the marker all the way to the rightmost graticule. Compare the 
delta (A) marker frequency readout obtained at that time with 
the frequency span setting (10 MHz), and make sure that the 
readout is within 10 MHz +0.5 MHz (+5%). The YTO FM tune 


accuracy can be known from this readout. 


kHz 
FR 
© rees[ SIIB]. 2 oe [S 
4 


to position the marker to the leftmost graticule. Compare the 


delta (A) marker frequency readout obtained at that time with 
the frequency span setting (500 kHz), and make sure that the 
readout is within 500 kHz +25 kHz (+5%). Tbe accuracy of the 


3rd local VCO (20 MHz) can be known from this result. 


msec y 


to reposition the marker to the rightmost graticule. Compare 
the delta (A) marker readout obtained at that time with the 
frequency span setting (50 kHz), and make sure that the readout 
is within 50 kHz +2.5 kHz (+#5%). Tbe accuracy of the 3rd local 


vcO (2 MHz) can be known from this result. 
12-3-10. Marker Readout Accuracy in the Normal and T.G. Counter Mode 
Specification: Normal: Center frequency accuracy plus Accuracy of 
frequency span between marker and center 


frequency) 


T.G. Counter: Center frequency accuracy 
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While the instrument is in the initial state, set it up as 
follows: 
Connect the CAL. OUT. connector to the INPUT-1 connector (both 


on the RF section), then enter the following data: 
CENT. siete 
eMac" | 


FREQ. 5 MHz 
nid BEI i 


MARKER 


Use key and the DATA knob to position the marker to the 


peak of the CAL signal response. Read the marker frequency, 
and check to make sure that the readout is within the 
specification. The specification is: (center frequency 


accuracy) +(accuracy of frequency span between marker and 


‘center frequency), which is determined as 50 MHz +(2000 MHz x 


os +20 Hz) #(1000 Maz - 50 MHz) x a = 50 Miz)248.5 MEz. 


COT. G. CNTR 
Next, press[ | Ea] to switch the marker in the T.G. 


counter mode al 

Position the marker to the peak of the CAL signal response. 
Read the marker frequency, and check to make sure that the 
readout is within the specification. The specification is the 
same as the center frequency accuracy, which is 50 MHz 


+(2000 MHz x a5 +20 Hz) = 50 MHz +20 MHz. 
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Local feed through 


Marker 
REF -10.0 ATT 10 4B 
oa OPC 
Coase 
RBY 
1 MHz 
vey 
300 kHz 
SWP SO me SPAN 2000 MHz CENTER 1000 MHz 
(1) Normal Marker Mode 
REF -10. 
10 4B/ 
> | (SERS RRs 
tt ctetitcninatclin 
vow Teds 
300 kHz 
s hinaselasidsad lsd aaa 
SYP 50 me SPAN 2000 MHz R 1000 MHz 


CZ) T.G. Counter Mode 


Fig. 12-8 Marker readout accuracy in the Normal and T.G. Counter modes 
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12-3-11. Marker Readout Accuracy in the Counter Mode 


Specification: Master oscillator accuracy x readout frequency +2 
counts when counting a spectrum frequency whose level 
is more than 25 dB above the average noise level. 

(1) While the instrument is in the initial state, set it up as 

follows: | 
Connect the CAL. OUT. connector to the INPUT-1 connector, then 


key in the following data: 
MHz 
Zoo 
FREQ. sec 
| MHz 
> somes 
sec 


eae) ie 
RES. BW = 


kHz 


+¢Bm 
VIDEO BW 
FREQ. CNTR 
CNTR RESOLN 
peas area errs ee ey 
Ey 
SHIFT 
MARKER 


(2) Check to make sure that a marker frequency readout of 
50.00000 MHz is obtained on the display when a signal response 
eS of more than 25 dB above the average noise level is indicated 


by the marker. 


CNTR RESOLN 
(3) Press ie re) CI] -* | set counter resolution to 
Be 


SHIFT 


1 Hz. If the readout is 50.000000 MHz, jthe tuned amp lifier 


operation is assumed to be normal. 
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ae — 
i aon ee ee ee 
os yoaetuosh 3 of isd, afl 


aa ‘ . 
‘steam enolepal Sigeee 


~AIoS 7 


“ay SL 7 


cat sd iaw tr) 


7o 14iGR 


REF -10.0_ dBm 
10 dB/ 


ATT 10 48 CNTR 2 $0.000000 MHz 


ey Fae 
ai | ad eet 
a ahaa 
ee al 
Swe SO me SPAN 10 MHz CENTER SO0.0 MHz 


Fig. 12-9 Marker readout accuracy in the Counter mode 


12-3-12. Resolution Bandwidth Accuracy 


Specification: Within +20% of each resolution bandwidth. 


(1) 


While the instrument is in the initial state, set it up as 
follows: 
Connect the CAL. OUT. connector to the INPUT-1 connector, then 


type in the following: 


(Executes the error correction routine.) 


SHIFT LABEL MKR=—®CF 


MHz 

£0. oe 

1 —dBm 

LEVEL ier 
FREQ. MHz 
sec 


MHz 
dB 
RES. BW side 
10B/ DIV. 
SHIFT 
_ ; 
(Stores the signal response trace.) 
VIEW 


i2= 14 


(2) 


(3) 


Press to indicate the peak with the marker. Then press 
PEAK SEARCH 


ae and reposition the marker to the A = -3 dB point on 


4 


either side of the peak. Press ee again and reposition the 


4 


marker to the other A = -3 dB point on the opposite side of the 
peak. 

The delta (A) marker frequency readout obtained at that time 
indicates the 3 dB bandwidth. Check to make sure that the 
bandwidth is within the 800 kHz to 1.2 MHz specification. 
Check the 3 dB bandwidths at each resolution bandwidth and 


frequency span selected with and Ce keys. The 


RES. BW 


resolution bandwidths, optimum frequency spans, and 
corresponding 3 dB bandwidth specifications are listed in the 


following table: 


A OSU 
2) ee 
Pes resco 
SCAN AE 
| 7 \T Re 


8 SPAN 1.0 MHz 


CENTER SO.04 MHz 


Fig. 12-10. Resolution Bandwidth Check 
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Table 12-3 Resolution bandwidths and optimum frequency spans 


if 
2 Miz 
1 Mie 

100 kHz 200 kHz 


* For the resolution bandwidth accuracy check described in 
paragraphs 12-3-11 and 12-3-12, the vertical axis accuracy 
for 1 dB/div. and 10 dB/div. and the frequency span 
accuracy on the horizontal axis are both assumed to be 
calibrated to error zero. However, slight error in these 
axes wont'd raise any serious problems when performing the 
specification comformity check. For a more precision 
check, first calibrate the vertical scale for 1 dB/div. 
and 10 dB/div. according to paragraph 12-4-1, and use the 
delta marker in the T.G. Counter mode for frequency span 


measurement on the horizontal scale. 


12-3-13. Resolution Bandwidth Accuracy for QP Measurement (with the QP Option 


only) 
Specification: 6 dB bandwidth: 120 kHz #20 kHz 


9 kHz +1 kHz 
200 Hz +20 Hz 


Peano 


(1) 


(2) 


C3) 


MASTER 


For the instrument with the QP Option, press L_ to return the 
RESET ° 
instrument into the initial default state after the above 


resolution bandwidth check over 1 MHz through 10 Hz has been 
completed. Then set up the instrument for the following: 
Connect the CAL. OUT. connector to the INPUT~-1 connector, then 


enter as follows: 


(Error collection routine) 
SHIFT LABEL MKR —® CF 


MHz 

Hz 
REF. 

—dB 
am | | Ko | |e: 
|e = 


SHIFT LABEL B'VIEW (QP MODE BW 120 kHz check) 


Oo 
Store the wave form. (freeze the trace) 
VIEW 


Now press 3 to capture the signal response peak. Then 


PEAK SEARCH 
press (e3) and position the marker to the J = -6 dB point on 


4 
one side of the peak. Press [4] again and position the marker 
4 
to the other -6 dB point on the opposite side of the peak, where 


A =0 dB. The delta marker readout at that time indicates the 
6 dB bandwidth. Verify that it is within the specification. 
Similarly check the 9 kHz and 200 Hz bandwidths as well. The 
panel setup and optimum frequency spans for the 9 kHz and 

200 Hz bandwidth check are shown in the following: 


Rte I 


¢ For 9 kHz bandwidth: 


(QP MODE BW 9 kHz) 


SHIFT LABEL 8 = B’ 
| FREQ, = KHz 
oes 
* For 200 Hz bandwidth: 


am) M 


SHIFT. LABEL B-OL—>B (QP MODE BW 200 Hz) 
FREQ. kHz 
If the QP mode bandwidth check mode is selected (e.g. by 


pressing eee es) (Ee) ) for the TR4172 Analyzer with no 


SHIFT LABEL B' VIEW 
QP Option, the actual bandwidth won't be set up although 


message "QP BW CHECK" will be shown on the display. 
12-3-14. Resolution Bandwidth Selectivity (60/3 dB bandwidth ratio) 
Specification: Less than 10:1 at 1 MHz and 300 kHz. 
Less than 13:1 over 100 kHz to 10 Hz. 


(1) While the instrument is in the initial default state, set it up 


as follows: 


TZe="18 


(2) 


(3) 


Connect the CAL. OUT. connector to the INPUT-1 connector, then 


key in as follows: 


(Executes the error correction routine.) 


kHz 
+aBm 


msec 
VIDEO BW 


‘| MHz 
O | dB 
INPUT ATT. 


PEAK SEARCH: MKR => CF 


=| e 
(Stores the signal response trace.) 
VIEW 


Press [) and position the marker to 4 = -60 dB point on 


4 
either side of the signal peak. Press [} again and 


4 
reposition the marker to the other -60 dB point on the opposite 


side of the signal peak where A = 0 dB. The delta (A) marker 
frequency readout obtained at that time indicates the 60 dB 
bandwidth. Check to make sure that this bandwidth is less than 
10) MB C1021). | 

Check the selectivities at each frequency span, resolution 


bandwidth, and video bandwidth sequentially selected with 


ian ’ ead eee keys. Table 12-4 shows resolution 


RES. BW VIDEO BW 


bandwidths, optimum frequency spans and video bandwidths, and 


corres ponding selectivity specifications. 


i a 


10 dB/ 


Fig. 12-11 Resolution Bandwidth Selectivity Test 


Table 12-4 


[wesw [sean view | speci ication 


12-3-15. Resolution Bandwidth Switching Level Accuracy 


Specification: Within +1.0 dB with respect to the resolutio band- 
width of 300 kHz before subject to error correction. 
(1) While the instrument is in the initial default state, set it up 
as follows: | 
Connect the CAL. OUT. connector to the INPUT-1 connector, and 


key in as follows: 


boo 20 


SHIFT LABEL MKR—>CF (Executes the error correction routine.) 


= MKR/4 
te (AGEL _4sTEP SIZE (Lists the correction data.) 


(2) Check to make sure that the level deviations at each resolution 
bandwidth is within 1.0 dB with respect to the level correction 


data at the resolutio bandwidth of 300 kHz. 


-RBW «SWITCHING BETWEEN; 


1 MHz 8:0 dB. 
300 kHz -O.1 dB 
100 kHz dB 
38 kHz 3B. 
13 kHz aB- ss 
3 kHz x dB 
A 1 kHz dB < 
2 300 Hes aB 
ae : 1007 4B 
_ 30, dB 
1@ He oBo 
7 jhe. Bo 


eH WUHR SHR OWN 


Fig. 12-12 Level correction data listing 


12-3-16. Residual FM Component 


Specification: 8 kHzp-p/sec. When frequency span 2 510 kHz 
2 Hzp-p/sec. When frequency span < 50 kHz 
(1) While the instrument is in the initial default state, set it up 


as follows: 


Connect the CAL. OUT. connector to the INPUT-1 connector, then 


key in as follows: 


12:2 2) 


tavGile?) @ 


“J> . ded '0@? shacmt 


awe tes a@ of "od 


(2) 


CENT. hes ~ MH2 
. : 
oes 

d 
SPAN msec 


kHz 


+aBm 
RES. BW msec 
Hz 
LEVEL usec 
[Em] 10B/ Div. 
SHIFT 
ZERO SPAN 


SHIFT 


MHz 
: 
SWEEP TIME sec 


The above setup activates an internal slope detection network 
using IF filters, which allows for observation of the residual 
FM component while the lst local oscillator is unlocked. Read 
the frequency variatio in ome second from the response shown 
on the display, while bearing in mind that the vertical scale 


is 2 kHz/dB at a resolution bandwidth of 30 kHz. If the signal 


response trace out-scales begin to drift, etc., press 


again and reposition the response in the center of the scale 


with the DATA knob. 


LZ 22 


Sweep time 10 div./l sec 


Residual FM 


RBW 


30 kHz 

Pi Ves bay foblitfn 
VBW (1 dB) 
3 kHz 
SwP 1.0 s ZERG SPAN <S10 kHz> 12 R 50.039 MHz 


Fig. 12-13 Residual FM when the lst local unlocked 


(3) Press MASTER: RESET: to~- return the instrument:into: the initial 
default-state:; then .set.it up as follows: 
Connect the CAL. OUT. connector to the INPUT-1 connector, then 


key in the following: 
CENT. 
Bee 
FREQ. | Hz 
Ome =) 
‘| psec 
Be 
Mes 


RES. BW 
H 
: ae els, 
ea 
a 


aa ZERO SPAN 


SHIFT 


Mz 
SWEEP TIME sec 


igo <23 


(4) The above setup activates the internal slope detection network 
using IF filters, which allows for observation of the residual 
FM component contained in the 2 MHz 3rd local VCO output. Read 
the. frequency variatim in om second (2 divisions on the 
horizontal axis) from the signal response on the vertical 
scale, while bearing in mind that the vertical scale is 1 Hz/dB 


at a resolution bandwidth of 10 Hz. If the signal response 


trace out-scales due to drift, etc, press eal again and 


reposition the response in the center of the scale with the 


DATA knob. 


Sweep time 
2 div. (l sec) 


REF 
1 dB/ 


Residual 
FM 
RBW 
10 Hz ab (Gayl eb S2, 
= (1 dB) 
VBW 
3 kHz 
S¥P Ss ZERO SPAN <100 Hz> CENTER SO.000040 MHz 


Fig. 12-14 Residual FM of the 3rd local 2 MHz VCO 
12-3-17. Frequency Stability 


Specification: 30 Hz p-p/min. when frequency span < 50 kHz (at a 


constant temperature after one hour of warm-up) 
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While the instrument is in the initial default condition, set 
it up as follows: 
Connect the CAL. OUT. connector to the INPUT-1 connector, then 


key in as follows: 


a | | 
- 
FREQ. Hz 
usec 
eae 


SHIFT LABEL 


(Cuts off the routine that corrects the center frequency 


ers 


for each sweep.) 


Press Ee (oes) and wait for one minute (12 sweep interval 


PEAK SEARCH 4 


because a sweep time of 5 is selected in the above setup). 


Press ere again, which will show a frequency drift occurred 


PEAK SEARCH 
in one minute, in the form of a delta (A) marker frequency. 


Check to make sure that the frequency drift is less than 


30 Hz/min. 


Noise Sideband 


Specificatio: Less than -80 dB/l kHz BW at 30 kHz apart from the 


(1) 


carrier 

Less than -75 dB/1 kHz BW at 20 kHz apart from the 
carrier 

(where video bandwidth: 1 Hz, resolution bandwidth: 
1 kHz) 


While the instrument is in the initial default state, set it up 


as follows: 
Connect the CAL. OUT. connector to the INPUT-1 connector, then 


key in as follows: 
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aa fe : a * a 
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MHz 
rea (LS JLo |) # 
FREQ. sec 
Fe | (a (oO) sin | 
1 +aBm 
eae 
INPUT ATT. é 


kHz 
+aBm 
ee Bw died’ 


kHz 
+dBm 


PEAK oe) ae : 
ICE IS] Ceo se nates of 
SHIFT “J: averages to 64.) 


ae ' oO 
After 64 repetitions of averaging are completed, press 


VIEW 


to store the resulting signal response. Press 


PEAK SEARCH 
then use to read the average noise leves at AE = 


+20 kHz and Af = +30 kHz apart from the carrier peak, from the 


delta marker readout. These levels are sideband noise levels. 
Check to make sure that they are less than -75 dB and —80 dB 


respectively. 


12; = 26 


REF -20.0 dBm ATT 00 dB 


Fig. 12-15 Noise sideband 
12-3-19. Adjacent Spurious 


Specification: 70 dB (below carrier level) 

(1) While the instrument is in the initial default state, set it up 
as follows: 
Connect the CAL. OUT. connector the INPUT-1 connector, then key 


in as follows: 


MHz 
Baa 
sec 


FREQ. : kHe 
SPAN +oBm 
msec 


INPUT ATT. 


Tome] 


RES. BW 
(2) Check to make sure that no spurious response exists within 


-70 dB from the carrier peak level. 


(3) Now set up as follows: 


Ea 


RES. BW AUTO 


mw {> JL° Ile ] 
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(4) Check to make sure that the spurious response at 100 Hz or more 
apart from the carrier peak is less than -70 dB in its level. 


S¥P 3s SPAN SO «Hz CENTER S8.0000 MHz 


R6W 

10 H 

vow 

. Brat mm” A ae 
al [Ta 
ee 

SWP 30 » SPAN SOO Hr ENTER SO.000000 MHz 


2 div. (100 Hz) 
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Fig. 12-16 Adjacent spurious 
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12-3-20. Residual Response 


Specification: Not more than -100 dBm (with input ATT set at O dB, 
and no input signal applied) 
(1) While the instrument is in the initial default state, set it up 


as follows: 


INPUT ATT. 


Ey 

Ey 
ed 
- Eis == 
ee Ey 
ee 

Ey 

fa 
a 


= ae 


VIDEO BW 


FEI) 3 


CF STEP SIZE 


(2) Check again to make sure that no input signal or connector is 


coupled to the input of the instrument. 


(3) Press . There after each time LO] is pressed, the 


center frequency will increase 9.9 MHz steps. Check to make 
sure that no residual response with its level exceeding -100 dBm 


exists between 0 and 1800 MHz. 


is 29 


>. 
senoqant Saal tent 1s 


{ 


: op 2 tap diet? 


4 


_ 


si3 ella 


Less than 
-100 dBm 


Fig. 12-17 Residual response 


12-3-21. Noise Level 


Specification: -80 dBm at resolution BW of 1 MHz and video BW of 
LES. 
-85 dBm at resolution BW of 300 kHz and video BW of 
1 Hz. 
-100 dBm at resolution BW of 10 MHz and video BW of 
PeHz 
-105 dBm at resolutio BW of 3 kHz and video BW of 
1 Hz. 
-130 dBm at resolution BW of 10 Hz and video BW of 
1 Hz. 
(Center frequency > 1 MHz) 
(1) While the instrument is in the initial default state, set it up 
as follows: | 
Connect the CAL. OUT. connector to the INPUT-1 connector, then 


enter the following: 


[eee] EE 2g) Ea w (Executes the error correction routine.) 


SHIFT jas) 


Disconnect the CAL. OUT. signal cable and cable adapter from 


the INPUT-1 connector, then enter as follows: 


PZ = 130 


ec) 25300en0 


nriw if{e? ag? “sie 


9 oes 


s:cas lenges ,»TOO .dAd o89, Semmeeme le 
JTo2 6 Yelmq mess 1 707 29MNOD {<TVGMT ortz) 


(2) 


(3) 


MH? 
2 
INPUT ATT. vas 
LEVEL pet 
1 MHz 
sec 
can |L_2_JL_° J} +28 
05m 
SPAN Tins 
MHz 
08 
RES. BW set 
: Hz 
ame + 
VIDEO BW usec 
e JC IC) 
SHIFT usec 


MARKER 
Read the marker level and check to make sure that the level 


(16 repetitions of averaging) 


meets the noise level specification (below -80 dBm) at 


resolution bandwidth of 1 MHz. After completing checking, 


AVG. OFF , 
press ad to clear the Averaging mode. 


. SHIFT 


Similarly, check the noise levels at each resolution 
bandwidth. The optimum setup values are listed in Table 12-5. 
If slight peaks and dips remain in the signal response after 


averaging, slightly move the marker and read an averaged level. 


Table 12-5 


igea 31 


= 


x | ae Sere 


wi oa | 


a, ) vam Pe) 


REF -SO.0 dBm ATT 00 4B MKR $O.51160 MHz 
10 dB/ 


Noise level 


1 MHz 


SwP 200 me SPAN SO kHz CENTER SO.S000 MHz 


RBW 
10 kHz 
SAMPLE 
vow 
100 Hz 


SWP SOO me SPRN 20 kHz R $Q.5000 MHz 


C2) 


Fig. 12-18 Noise Level 


12-3-22. Fine Tune Level Deviation 


Specification: Less than 0.5 dB p-p 
(1) While the instrument is in the initial default state, set it up 
as follows: 


Connect the TRACKING GENERATOR OUTPUT connector to the INPUT-1 


connector with a BNC-BNC cable, then enter as follows: 


124-32 


isyva. equT agit 


AZ ees! : ao htes BH beaet 

O: of3 ©1 0) tonereeat add alla’ 45 

| savoifo? as 

vod IJ0TD M0 Tacseo SHR odd Spegeed 
ies aad? , aides OfS-DE-s ae  oTneaous 


} . 


IC 
FREQ. 
kHz 
FREQ. 
Ce} 
0.108 /DIV. 
(poe) 


SHIFT 


os hie (Be) 


SHIFT LABEL 


(la Eas EHBE (Fine Tune flatness check mode) 


SHIFT LABEL VIDEO 


(2) Next, change the reference level until the TG signal response 


is observed on the display. 


oO 
A 4 
(3) Press to store the signal response. 


VIEW 
NEG. PEAK S. 
(4) Press [tee] Sy | a [= to read the difference 
PEAK SEARCH 4 SHIFT 


between the maximum and minimum levels of the TG signal 
response by means of he delta marker. Check to make sure that 


the difference is less than 0.5 dB. 


REF -12.4 48 


Fig. 12-19 Fine Tune level deviation 
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12-3-23. Counter Operation (Operating Frequency) 


Specification: Operating frequency 400 kHz to 1500 MHz 


(1) 


‘2 


(3) 


(4) 


(5) 


While the instrument is in the initial default state, set it up 


as follows: 


CENT. kHz 
Ey esianen 
= ee 


COT. G. cntr 


ial 


SHIFT 


H2 
C4 foe 
car OS ia (Directly counts TG frequency.) 
MHz 
e 
CF STEP SIZE = 


Check to make sure that the counter is normally counting, with 
its readout digits indicating constant numbers (except for the 


100 Hz digit which may be flickering). 


Press ae » then use to set the center frequency to 


10.4 MHz (at 1 MHz stepping). Check to make sure that the then 
counter reading is identical to the center frequency readout 
(with an allowance of 1% of the frequency span). 


Now enter the following: 


some 
SPAN 
Zoe 
FREQ. sec 


By turning the DATA knob slowly, sweep the center frequency 
from 10 MHz through 1500 MHz, and check to make sure that the 
counter reading is identical to the center frequency readout 
(with an allowance of 1% of the frequency span) over the entire 


sweep span. 
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12-3-24. 


(6) 


7) 


Now enter as follows: 


—dBm 
SHIFT LABEL ese (Counter Auto mode) 


MHz 
ra. ae 
FREQ. sec 


By slowly turning the DATA knob, sweep the center frequency 
from 1500 MHz through 1800 MHz, and check to make sure that the 


counter normally counts over the entire sweep span. 


Counter Operation (Local Frequency Counting) 


Speci fication: Should normally count each local frequency. 


(1) 


(2) 


While the instrument is in the initial default state, set it up 


as follows: 


FREQ. 2 kHz 
SPAN +28 
msec 


CJT. G. cnta 


eas) 


SHIFT 


Z 
—dBm 
LABEL 


Sequentially press numeric dat keys ( through a=) 
q sae, y 


select the tracking generator output and local frequency count 
modes. Check to make sure that the following specifications 
are satisfied in each of these modes: 
[0 ]: Count Point TG 
Directly counts the TG output frequency identified by 
the marker. The Counter reading is identical to the 
center frequency readout, with an allowance of 1%, 
[1]: Count Point 3D LO 23M VCO 
Shows the output frequency of the 3rd local VCO 
(23 MHz). The counter operatio is assumed to be 
normal if all the digits other than the LSD (which 
may be flickering) give a constant frequency readout 


over 22 to 24 MHz. 


ba = 35 


‘ewolio? en Sadie wot te) 


COUNT POINT 3RD LO 2M VCO 

Shows the output frequency of the 3rd local VCO 

(2 MHz). The counter operation is assumed to be 
normal if all the digits other than LSD give a 
constant readout over 0.9 to 1.1 MHz. 

COUNT POINT TG 200 M IF 

Shows 0 MHz as this mode is currently not used. 

COUNT POINT 1ST LO IF 

Shows the IF frequency for the lst local oscillator. 
It normally indicates a frequency below 50 MHz. When 
the frequency span setting is 500 kHz or below, the 
counter will show a frequency with no fractional part. 
COUNT POINT 2ND LO 204M 

Shows the IF frequency for the 2nd local oscillator. 
The counter operation is assumed to be normal if all 
the digits other than the LSD give a constant 
frequency readout at around 204 MHz. 

COUNT POINT 3RD LO 153 M 

Shows the 3rd local oscillator output of 153 MHz. 

The counter operatio is assumed to be normal if all 
the digits other than the LSD give a constant 
frequency readout at around 153.3 MHz. 

COUNT POINT 4TH LO 33 M 

Shows the 4th local oscillator output of 33 MHz. The 
counter operatio is assumed to be normal if all the 
digits other than the LSD give a constant frequency 
readout at around 33.3 MHz. 

COUNT POINT 1ST LO 

Shows the lst local oscillator output frequency. It 
is not a direct count but a value determined fram the 
lst IF frequency. The counter operation is assumed 
to be normal if all digits above the 1 MHz order give 


a constant readout with no flicker. 
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12-3-25. Analog Sweep 


Specification: 


COUNT POINT AUTO 

Normally counts the TG output frequency identified by 
the marker. In the frequency ranges which are beyond 
the counting capability of the counter (0-400 kHz and 
1500-1800 MHz), the marker frequency is determined 
from each local frequency. The counter reading is 
the same as the center frequency readout, with an 


allowance of 1%. 


Error on the vertical axis: +0.2 div. or less when 
sweep time is 19 ms. 
Error on the horizontal axis: 0-0.5 div. at zero 


frequency span. 


(1) While the instrument is in the initial default state, set it up 


as follows: 


LEVEL —dBm 
usec 


SWEEP TIME 


kH2 
+aBm 
msec 


F JL_) (e)|- 
(| (An UNCAL message will be shown; 


VIOEO BW ZERO SPAN 


SHIFT 


3 
SWEEP TIME 


ignore it.) 


(2) Next, alternately press and Lo] to switch between 


analog sweep (10 ms) and digital sweep (20 ms). 


(3) Check to make sure that the positional departure between the 


analog and digital traces is within the specification almg 


both vertical and horizontal axes. 
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Digital sweep 


Analog sweep 


Fig. 12-20 Analog Digital Sweep Switching Error 


Reference Level Variable Range 


Speci fication: Should be variable over 4 dB p-p or more. 


(1) 


2) 


cS) 


While the instrument is in the initial default state, set it up 


as follows: 
Connect the CAL. OUT. connector to the INPUT-1 connector, and 


enter as follows: 


MH 
FREQ. | i 


FREQ. ; kHz 
san = 


Next, turn the screwdriver control marked CAL o the front 


panel fully counterclockwise. Press (rinsing , then read the 
PEAK SEARCH 


signal level at that point. 


Then tum the CAL control fully clockwise. Press Ss , then 


PEAK SEARCH 


read the signal level at that point. Check to make sure that 


the marker level readout has changed by more than 4 dB. 
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GP-IB Check 


Check for the normal GP-IB functions by referring to SECTION 8 
(GP-IB ATTACHMENT AND PROGRAMMING SUPPORT.) 


Key Operation Check 


Check for normal key operations (except for screwdriver controls) by 


referring to paragraph 3-3-1 Front Panel Description. 


12-4. PREFORMANCE CHECK REQUIRING MEASURING INSTRUMENTS 


12-4-1 e 


Sweep Time 


Specification: +5% over 20 ms to 1000 s 


+5% over 100 us to 1000 s (at zero frequency s pan) 


Required instruments: Signal generator (SG) capable of frequency 


(1) 


Mae 


modulation 

Stop watch 
While the instrument is in the initial default state, apply a 
50 MHz signal modulated with a 1 kHz signal froma signal 
generator (SG) to the input of the instrument. Set up the SG. 
out put as follows: 
Carrier frequency: 50.00 MHz 
Out put level: -10 dBm 
Modulation frequency: 1 kHz (AM) 
Modulation depth: 10% 


Then set up the instrument as follows: 


FREQ. sec 


ZERO SPAN 
SHIFT 
kHz 
+aBm 
SWEEP TIME msec 
VIDEO 
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Adjust the TRIGGER LEVEL control until the signal trace stops 


on the display. 


REF -10.0 dBm 


Fig. 12-21 Sweep time check 


TR4172 


Rec soa- 
ae. e0 Dasoh 
ee SIGNAL GENERATOR 


N-BNC 
Adapter 


Fig. 12-22 Sweep time test setup 
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12-4-2. 


(3) 


When 
0) 


(2) 


Scan 


Each division of the horizontal scale is assigned 1 ms as the 
sweep time is 10 ms. Since the 1 kHz signal has a period of 

1 ms, the peaks or dips of the signal envelope should match 
each graticule on the screen. Visually check this point. The 
allowable deviation from the graticule is 0.5 div. 

using a stop watch: 

While the instrument is in the initial default state, set it up 


as follows: 
: MHz 
SWEEP TIME sec 


Use the stop watch to measure the time required for a bright 
dot to sweep all the way from the leftmost to the rightmost 
graticule on the screen. Set the sweep time to 100 s, and 


check to make sure that the actual sweep time is 100 +5 s. 


Trigger 


Specification: Internal, Line, External, Video, Single 


Video: Trigger point should be able to be variable 
over 1 division of the scale. 
Single: Only one sweep should be triggered each time 


the key is operated. 


Required instrument: Signal generator capable of frequency 


(1) 


(2) 


(3) 


modulation. 
While the instrument is in the initial default state, set it up 
as follows: 


a kHz 
ES ea ee 
msec 


SWEEP TIME 


Press [sito select the Line Trigger mode. The flashing 


UNE 


frequency of the SWEEP IND. lamp will be lowered to indicate 


that the Line Trigger mode is selected. 


Next, press Bae to select the External Trigger mode. Check 


EXT. 
to make sure that sweep is triggered each time the rear EXT. 


TRIG. connector is grounded (coupled with an earth potential). 
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(4) Press (we 


MASTER 
RESET 


state. Apply a 50 MHz signal modulated with a 1 kHz signal 


to return the instrument into the initial default 


from a signal generator (SG) to the input of the instrument. 
Set up the SG output as follows: 

Frequency: 50.00 MHz 

Output level: -10 dBm 

Modulation frequency: 1 kHz 

Modulation depth: 10% 


TR4172 


SIGNAL GENERATOR 


|= 
te BNC-BNC Cable | 


Fig. 12-23 Scan trigger test setup 


(5) While the instrument is in the initial default state, set it up 


as follows: 
eles jLa 2 
FREQ. a 
FREQ. = kHz 
SPAN +aBm 


msec 
ZERO SPAN 


SHIFT 


kHz 
+dBm 


SWEEP TIME 
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(6) While watching the signal trace on the display, turn the 
TRIGGER LEVEL control to make sure that the trigger point is 


variable over at least one division of the display scale. 


SPAN <S00 Ki> 


Fig. 12-24 Trigger level check 


(7) Press as] to return the instrument into the initial default 
MASTER 
RESET 


state. Check to make sure that only one sweep is triggered 


each time [S28) key is pressed. 


SINGLE 


Center Frequency Accuracy 


Specification: +(span x 1% +20 Hz) 
Required instrument: Synthesized signal generator 
(1) While the instrument is in the initial default state, set it up 


as follows: 


CENT. 
F\Hmmel* 
FREQ. 
marae * 
CUT. G. cntr 


Le] 


SHIFT 
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(3) 
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(6) 


Since the marker is located in the center of the scale, the 
marker frequency readout directly indicates the center 
frequency. Confirm that the readout is within 1000 MHz +10 MHz 
The center frequency accuracy with broad frequency span setting 
can be known with the just described procedure. However, this 
technique (in which the internal counter is used for frequency 
measurement) is not adequate for measurement a frequency span 
setting of less than 10 kHz, where measurement is affected by 
tracking error of the tracking generator. 
If the synthesized signal generator has a reference time-base 
input, apply the REF. signal output from the INT. STD. OUTPUT 
connector (J4) of the instrument to this input, then press 
(7 ]cawr. sp ovrpur on), and set up the SG output as” 
Poltowes If the SG has no reference input, it may be used so 
far as its output frequency accuracy is 5 x We or less. 
Output frequency: 1000 MHz 
Output level: -20 dBm 


Connect the SG output to the input of the instrument. 


Adapter 


BNC-BNC Cable 


Fig. 12-25 Center frequency accuracy test setup 


FREQ. 
Next, press Some to set the 


frequency span to 100 Hz. 
Confirm that the deviation of the input signal peak from the 


center graticule is less than +21 Hz. 
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Less than 21 Hz 
1000.000004 MHz 


Bale 
Pee NT 


10 H 

o~ | ARR 
it a 
SWP Ss CENTER 1000.000000 MHz 


Fig. 12-26 Center frequency deviation 
Vertical Scale Linearity (logarithmic scale) 


Specification: +0.02 dB/div. at 0.1 dB/div over 0 to 0.8 dB 
+0.2 dB/div. at 1 dB/div. over 0 to 95 dB 
+1 dB/div. at 10 dB/div. over 0 to 95 dB (20°C to 
30°C) 
+1.5 dB/div. at 10 dB/div. over 0 to 95 dB (0°C to 
40°C) 
Required instrument: External attenuators covering: 
0 to 110 dB at 10 dB steps 
0 to 11 dB at 1 dB step 
O to 1.1 dB at 0.1 dB step 
(1) While the instrument is in the initial default state, set it up 


as follows: 


L2p ao 


MHz 
aes) ON OMI Te 
sec 


INPUT ATT. 


CENT. MH? 
Woes 

: sec 

FREQ. kH7 
Smaps 


msec 
REF, om 


SHIFT 


C2), Apply a synthesized SG output of 50 MHz, O dBm to the input of 


the analyzer via an external attenuator. Set the attenuator to 


O dB attenuation. While slightly adjusting the SG output, 


position the signal response peak on the display to the top 
graticule. 


TR4172 


Synthesized Signal Generator 


QO.1 GB 
es 6) 
(>) 


1 aB = 
STEP ATT. 
10 @B 


STEP ATT. 


Fig. 12-27 Vertical scale linearity (log.) test setup 


(3) Imcrease the attenuation of the external attenuator at 0.1 dB 
steps, confirm that each 0.1 dB increase in attenuation causes 


the signal peak on the display to be lowered 0.1 dB (1 div.) 
with an error of 0.02 dB (0.2 div.) each time. 
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Fig. 12-28 Vertical scale linearity check 


For accurate level identification, it is recommend to use 


ae key each time the attenuation is increaseds. 
PEAK SEARCH 


16B8/ Div. 


Then press [xtaa) to select a vertical scale factor of 
SH T 


1 dB/div. Set the external attenuator to 0 dB attenuation, 
then position the signal response peak to the top graticule on 
the display. 

While increasing the attenuation of the external attenuator by 
1 dB steps, confirm that each 1 dB (1 div.) increase in 
attenuation causes the signal peak to be lowered one division 
(1 dB) with an error of +0.2 dB (+0.2 div.) each time. 

Update the instrument setup as follows in temperature 20°C to 
30°C: 


MHz 
BS ays 
sec 
INPUT ATT. 
eA ES] Cs ]j ‘e 
Home 
FREQ. [ime] kHz 
| E3 
| 
kHz 
“Js 
LEVEL |, asad 


Hz 
J+] 
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(7) 


(8) 


(9) 


(10) 


(11) 


Set up SG output to 50.5 MHz, 0 dBm, and couple it to the input 
of the analyzer via the external attenuator. Set the 
attenuator to 0 dB attenuation. While slightly adjusting the 
SG output, position the signal response peak to the top 
graticule on the screen. 

While increasing the attenuation of the external attenuator 
from 0 to 90 dB at 10 dB steps, confirm that each 10 dB 
increase in attenuation causes the signal peak to be lowered by 
10 dB (1 div.) with an error of +1 dB (0.1 div.) or less each 
time. 

Now set the external attenuator back to 0 dB attenuation. 
Slightly reduce the SG output level until the marker readout 
for the signal peak is -5 dBm. 

While increasing the attenuation of the external attenuator 
from 0 to 90 dB at 10 GB steps, confirm that each 10 oB 
increase in attenuation causes the signal peak to be lowered by 
10 dB (1 div.) with an error of +1 dB (0.1 div.) each time. 

In a temperature range between 0°C and 40nG. perform test 

steps (6) and below, and confirm that the signal peak error is 


within +1.5 GB. 
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P2-4-5,.. Vertical ‘Scale Linearity (linear scale) 


Specification: Within +3% of the reference level 

Required instruments: Signal generator; - - 
External attenuator covering 0 dB to 11 dB at 
1 dB steps 

(1) While the instrument is in the initial default state, set it up 


as follows: 


CENT. 
= 
FREQ. kHz 
mes 
msec 
REF. os 
ecw 


a (ee E 
+oBm 
msec 


RES. BW tin. x1 


1 
SHIFT 


(2) Apply as SG output of 50 MHz, 0 dBm to the input of the 
analyzer via an external attenuator. Set the external 
attenuator to 0 dB attenuation. While adjusting the SG output 
level, position the input signal response peak to the top 


graticule. 


(3) Press fer) and record the marker readout for the signal peak 


PEAK SEARCH 


as "a" mV. 


(4) Next, set the attenuator to 6 dB attenuation (1/2 on the linear 


scale). Press (e24) and record the marker readout for the 


PEAK SEARCH 


signal peak as "b" mV. 
(5) Determine the ratio of a half of "a" (mV) to "b" (mV) in 
percentage, and confirm that the ratio is within the 


specification (2b/a x 100 = between 97% to 103%). 
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1 dB 
SIEP ATT. 


Signal Generator 
BNC-BNC Cable 


BNC-BNC Cable 


Fig. 12-29 Vertical scale linearity (lin.) test setup 


a mV 
REF 223.6_mV 49.9990 MHz 
LIN X1 
6 dB(1/2) 
RBW 7 \ ne or ee 
100 kHz 


Fig. 12-30 Linear scale linearity check 


Reference Level Accuracy 


Specification: Within +1.0 dB after calibration and error correction 


Required instruments: Synthesized signal generator 


External attenuator covering 0 to 110 GB at 


10 dB steps 


Bae ati 1 t) 


23? tepesdeaal Lae? 


ws <Jenz tod éapas 


Gh) 


or 


S) 


While the instrument is in the initial default state, set it up 


as follows: 


THe *| 


INPUT ATT. 
FomMe 
sec 
(fees) [Bal | 
SPAN —dBm 
psec 
mt 
LEVEL — 
msec 
Tey 
{ —dBm 
RES. BW usec 
Hz 
FP JL: jle J] -% 
__ MOO Bw aoe 
Apply an SG output of 50.5 MHz, 0 dBm to the input of the 
analyzer via an external attenuator. 


Set the external attenuator to O dB attenuation. Press [Ee 


PEAK SEARCH 
to read the peak level of the signal response. Adjust the SG 


output level until the peak readout is 0.0 dBm. 


oo 


nel 


1 Tait Tee, 


TR4172 


Adapter 


Signal Generator 
BNC-BNC Cable 


Fig. 12-31 Reference level accuracy test setup 


(4) While increasing the attenuation of the external attenuator by 


10 dB steps, lower the reference level by 10 dBm steps with 


accordingly, and read each canceled level with | EES 
Confirm that marker readout error between each level is within 
+1.0 dB. The following table shows the relationship between 
reference levels, external attenuator settings, and input 


levels. 


Table 12-6 Ref. levels vs. external attenuator 


“30 ae 
=100" dim 
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Frequency Response 


Specification: 2 dB p-p over 50 Hz to 1 GHz 


3 dB p-p over 50 Hz to 1.8 GHz 
Within +0.7 dB over 400 kHz to 1.8 GHz atter error 


correction 


Required instrument: Signal generator 


CAUTION: The frequency response of the signal generator itself 


(1) 


(2) 


(3) 


(4) 


causes a measurement error. Before using the generator, 
calibrate it by measuring the levels of major frequency 


points with a power meter. 


While the instrument is in the initial default state, set it up 
as follows: 
es) a) (Sa): 
SHIFT : LABE MKR => CF 
fea . 
ES Ls Je jle J} 2 
CS kHz 
aloe 
EI 
(INPUT) 
ie 
REF. Hr 
usec 
10B/ Div. 
[_] 
SHIFT 
Apply an SG output of 50 Hz, -10 dBm to the input of the 
analyzer. Adjust the REF. level until the signal response is 
positioned in the center of the vertical scale. 
DAAX. 
Then press ales to enter the A Max Hold state. Slowly 
SHIT 
sweep the SG output frequency from 50 Hz through 1 kHz to store 
the frequency response in memory. 
A= A 
Press fee NE Es to store the frequency response into 


SHIFT 
A' enoey 


b=" 53 
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(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


C12) 


Update the setup for the instrument as follows: 


MAX. 
Press as) to enter the A Max Hold state. Slowly sweep 


SHIFT 
the SG output frequency from 1 kHz through 20 kHz to store the 


frequency response in this range. 
BLANK 


Press aa to store the frequency response over 1 kHz 
SHIFT view 


to 20 kHz into memory A. The signal trace is blanked. 
Update the setup as follows: 


WRITE 
| kHz 
FREQ. msec 


FREQ. : kHz 
ss Coes 


MAX. 
Press PoclE=ate select the B Max Hold state. Slowly 


SHIFT 
sweep the SG output frequency from 20 kHz through 500 kHz to 


store the frequency response. 


The press is 3) to store the frequency response over 20 to 


B= 86’ 


500 kHz into memory B'. 


Now update the setup as follows: 


MAX. 
Press ect to select the B Max Hold state. Slowly 


SHIFT 
sweep the SG output frequency from 500 kHz through 10 MHz to 


store the frequency response between these frequencies. 
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(13) Press to store the frequency response over 500 kHz to 


VIEW 


10 MHz into memory B. 


oO 
(14) Operation of ; a) » and Ea will show the frequency 
VIEW A’ VIEW B' VIEW 


response over 50 Hz through 10 MHz on the display. Record the 
maximum and minimum levels in the frequency response. 


(15) Update the setup as follows: 


FREQ. MH? 
Pere] 
MAX, 
(16) Press [S) eae) to select the A Max Hold state. Slowly 
SHIFT 


sweep the SG output frequency from 10 MHz through 1800 MHz to 
store the frequency response. 

(17) Superimpose the previous recorded frequency response between 
50 Hz and 10 MHz over the last one (between 10 and 1800 MHz), 


to make sure that the peak and dip of the frequency response is 


less than 2 dB p-p over 50 Hz to 1000 MHz. Also confirm that 
the frequency response error is less than 3 dB p-p over 50 Hz 


to 1800 MHz. 
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TR4172 Signal Generator 1 


50 Hz to 10 MHz 
OUTPUT 


BNC-BNC Cable 


10 MHz to 
1800 MHz 
OUTPUT 


“ N-N Cable 


Fig. 12-32 Frequency response test setup 


12-4-8. Spurious Response (Secondary Harmonic Distortion) 


Specification: -60 dB or less when the center frequency 2 20 MHz 
with an input level of -10 dBm. 
-45 dB or less when the center frequency < 20 MHz 
with an input level of -10 dBm. 

Required instrument: Low distortion oscillator 


(with the 2nd harmonic level of less than 


-70 dB) 


12256 


(1) 


(2) 


3) 


(4) 


for the input sig 


Next, press 


TR4172 


Low Distortion Oscillator 


BNC-BNC Cable 


Fig. 12-33 2nd harmonic distortion check setup 


While the instrument is in the initial default state, set it up 


as follows: 


INPUT ATT. 


(Frequency of the Low distortion oscillator) 


FREQ. 5 MH; 
sewn | 2 =z e 
sec 


kHz 
+0Bm 


VIDEO BW it 


Hz 
yd ES 
psec 


Apply a -10 dBm signal from the low-distortion oscillator to 


the input of the analyzer. 


Press [erase aa) ar) fe) to read the marker readout 


MKR/4 MKR = REF. 
PEAK SEARCH MKR —* CF —»STEP SIZE R E 


nal level. 


to double the center frequency. Read 


the 2nd harmonic distortion level at that frequency to confirm 
that it is less than -60 dB below the fundamental component 


level (less than -45 dB when the input frequency is less than 
20 MHz). 
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12-4-9. 


(5) Check the distortion at other frequencies in the same way. 


Note: An ordinary signal generator with a low-pass filter 
provided at its output to eliminate the 2nd harmonic 
distortion may be used instead of the low-distortion 

- oscillator (with a 2nd harmonic distortion level of less 
than -70 dB). If the former type of signal generator is 
used, set the level at the input terminal to -10 dBm after 
the signal passes through the low-pass filter and input 


cable. 
Spurious Response (Two signal distortion) 


Specification: Less than -50 dB for two signals of -10 dBm with 
Separation greater than 5 MHz 
Less than -45 dB for two signals of -10 dBm with 
separation less than 5 MHz: 
Required instruments: Two signal generators 
Isolated power splitter 
(1) While the instrument is in the initial default state, set it up 


as follows: 
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(2) 


Next, set the output of one of the signal generators to 
197 MHz, -4 dBm (when a 6 dB power splitter is used), and set 


the output of the other signal generator to 203 MHz, -4 dBm 


(with a 6 dB power splitter). Apply these SG outputs to the 


power splitter, and couple the output of the power splitter to 
the input of the analyzer. 
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Fig. 12-35 Two signals separated 
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Note: With the above test setup, two signals of -10 dBm, and 
6 MHz apart from each other are applied to the analyzer. 
To prevent interference between the two signal-generator 


outputs, the power splitter used must be a high isolation 


type. 


(3) Read the two signal distortion level from the display, to make 


sure that it is within the specification. (Fig. 12-35) 
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Fig. 12-36 Spurious response two signal distortion test 
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(4) Update the panel setup on the instrument as follows, and check 
to make sure that the two-signal distortion level is within the 


specification when the difference in the two signal frequencies 
is 50: kHz: (Fig. 12-36) 
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Output frequency of SGl: 199.975 MHz 
Output frequency of SG2: 200.025 MHz 


12-4-10. Gain Compression 


Specification: Less than 1 dB at an input level of O dBm with the 
input attenuator set at 0 dB. 
Required instrument: * Signal generator 
* External attenuator covering 0 to 110 dB at 


10 dB steps. 
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Fig. 12-37 Gain compression test setup 


(1) While the instrument is in the initial default state, set it up 


as follows: 


2dB/ Div. 


SHIFT 


pNP ee cd 


| Pomel! oot Ga 


(2) 


(3) 


(4) 


Apply an SG output of 50 MHz, O dBm to the input of the 


analyzer via the external attenuator. Set the external 


attenuator to 10 dB of attenuation. Press et] to read the 
PEAK SEARCH 
marker readout for the input signal level (-10 dB). 


Set the external attenuator to 0 dB of attenuation and apply an 


input signal level of 0 dBm to the analyzer. Press 


MHz > 
bat [fox dB i to read the signal level. 
EVEL oe PEAK SEARCH 


Add 10 dB to the marker readout of the above (2) to assume a 
level without a gain compression. Compare this level with the 
level readout obtained when an input signal of 0 dBm is applied 
to the analyzer's input, to check that the gain compression is 


less than 1 dB. ~ 


Input Attenuator Switching Accuracy 


Specification: Less than +0.5 dB at 50 MHz over 0 to 50 dB 


Required instruments: * Signal generator 


(1) 


* External attenuator of 10 dB stepping 
While the instrument is in the initial default state, set it up 


as follows: 
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(2) Apply an SG output of 50 MHz in frequency and 0 dB in level to 
the analyzer input via an external attenuator with an 


attenuation of 50 dB. 
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Fig. 12-38 Input attenuator switching accuracy setup 


(3) Adjust the SG output level until the input signal response is 


positioned in the center of the vertical graticule. 


MHz . 
(4) Press (Seale) [9 }: to set the external attenuator to 
sec 


INPUT ATT. 
40 dB of attenuation. Verify that the signal level is within 


+5 division (0.5 dB) from the center of the vertical scale. 
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Fig. 12-39 Input attenuator switching accuracy test 
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(5) Subsequently change both input attenuator and external 
attenuator settings each by 10 dB sequentially as shown in the 
following table. Verify that the attenuator accuracy is within 


+5 divisions (0.5 dB) with respect to 0 dB over each settings. 


Table 12-7 


12-4-12. Calibration Output Level Accuracy 


Specification: -20 dBm +0.3 dB over 20°C to 30°C 

Required instrument: Power meter 

(1) Connect a power meter to the CAL. OUT. connector on the front 
panel of the instrument for direct CAL. OUT. level checking. 

(2) The power meter used should be calibrated at 50 MHz. Verify 
that the CAL. OUT. level is within -20 dBm +0.3 dB- 
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TR4172 


POWER METER 


Fig. 12-40 CAL. OUT. level measurement setup 


12-5. TRACKING GENERATOR PERFORMANCE CHECK 


This paragraph describes the performance check procedures for the 


built-in tracking generator. 
12-5-1. 1T.G. Output Level Accuracy 
Specification: Within 0 dBm +1.0 dB at an output frequency of 


50 MHz, with the T.G. attenuator set at 0 dB. 


Required instrument: Power meter 


(1) While the instrument is in the initial default condition, set 


it up as follows: 


SHIFT 


T.G. LEVEL 


ee 


(2) Measure the T.G. output level with a power meter calibrated at 
50 MHz. 

(3) Verify that the measured level is within the specification of 
0 dBm +1.0 dB. 


(4) Now. proceed with T.G. output frequency response check. 


= 5-26 T.G. Output Frequency Response 


Specification: Within +0.7 dB over 400 kHz to 1500 MHz 
Within +1 dB over 400 kHz to 1800 MHz 
Both with respect to a 50 MHz level, with the T.G. 
attenuator set at 10 dB attenuation. 


Required instrument: Power meter 
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POWER METER 


Fig. 12-41 T.G. output level measurement setup 


(1) After checking the T.G. output level, set up the instrument as 


follows: 
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(2) Use the output level at 50 MHz as a reference. 
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(3) 


kHz 
CENT. 
Next, press CC . Use the DATA 


knob to sweep the center frequency from 400 kHz through 

1800 MHz, and verify that the frequency response is within 
+0.7 dB over 400 kHz to 1500 MHz, and within +1 dB over 400 kHz 
to 1800 MHz. 


12-5-3. T.G. Output Level Switching Accuracy (T.G. ATT. Switching Accuracy ) 


Specification: Within +0.5 dB at 50 MHz over 0 to 50 dB 


Required instrument: Attenuator covering 0 to 110 GB attenuation at 


CI) 


10 dB steps 
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Fig. 12-42 T.G. attenuator accuracy check setup 


While the instrument is in the initial default condition, set 
it up as follows: 
Connect the T.G. output to the INPUT-1 connector via an 


external attenuator 50 dB of attenuation, then enter as follows: 
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Next, - Adjust the DATA knob until the T.G. output 


signal response is positioned in the center of the vertical 
scale. Use this signal level as a reference for the following 
measurements. 


‘| Mee - 
Press oe] * | to set the T.G. attenuator to 
sec 


T.G. LEVEL 
10 dB. Set the external attenuator to 40 dB. Verify that the 


then signal level is within +5 divisions (0.5 dB) with respect 


to the reference level obtained just above. 
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Fig. 12-43 1T.G. attenuator accuracy 


(4) Subsequently change the T.G. and external attenuator settings 
each by 10 dB as shown in the following table, and make sure 
that each signal level is within +5 divisions (0.5 dB) with 
respect to the reference level, over the T.G. attenuator 


settings of 0 to 50 GB. 


Table 12-8 


12-5-4. Tracking Generator Output Spurious 


Specification: Higher harmonics: Less than ~20 dB 
Spurious other higher harmonics: 
Less than -30 dB over 400 kHz to 1500 MHz 
Less than -25 dB over 1500 MHz to 1800 MHz 
Nonharmonic spurious which crosses the fundamental 
signal component: Less than -30 dB over 400 kHz to 
1800 MHz 
Required instrument: Spectrum analyzer having a frequency response 


up to 4 GHz 
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(1) While the instrument is in the initial default condition, set 


it up as follows: 


JOO 


sme? 
ei 


ZERO SPAN 


SHIFT 


MHz 
Mme] | 
sec 


T.G. LEVEL 


(2) Apply the T.G. output to the input of a spectrum analyzer 


having direct observation capability up to 4 GHz. 
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Fig. 12-44 T.G. output spurious test setup 


(3) Press pass . While turning the DATA knob to sweep the center 


frequency from 400 kHz through 1800 MHz, verify that harmonic 


and nonharmonic spurious levels are within the specifications. 
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Fig. 12-45 T.G. output spurious test 
12-5-5. Tracking generator Frequency Tracking 


Specification: Drift: 30 Hz/min 
300 Hz/10 min 


The peak must be obtained at a resolution bandwidth 
of 10 Hz.. 
(1) While the instrument is in the initial default condition, set 
it up as follows: 


Connect the T.G. output to the INPUT-1 of the TR4172 Analyzer. 


TR4172 


N-BNC 
Adapter 


BNC-BNC Cable 


Fig. 12-46 T.G. tracking setup 
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Now enter as follows: 


MHz 
Oe! 
FREQ. Sec 
FREQ. [aah Hz 
SPAN —dBm 

: psec 


ZERO SPAN 
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Ean a | 
sec 

T.G. LEVEL SHIFT 
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(Si) (ere a) | 
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ae ES e 
: —&m 
RES. BW : Ls 


(2) Adjust the front control named T.G. FREQ. ADJ. to make sure 
that the peak of the T.G. output level can be obtained on the 
display. 


(3) Update the panel setup as follows: 
COT. G. cntr 
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Io|4/02 (TG. count mode) 
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tin) “sin 
T usec 
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(4) Count the T.G. output frequency and verify that the frequency 
| drifts, 1 and 10 minutes later are both within the 


specification. 
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Pigenliroip rt. Gs frequency tracking 
12-5-6. 1.G. Leakage Level 


Specification: Less than -100 dBm over 0 to 1500 MHz 
Less than -95 dBm over O to 1800 MHz 
(1) While the instrument is in the initial default state, set it up 
as follows. Leave both the T.G. OUTPUT and INPUT-1 connectors 
open (unplug the adapter if plugged). 
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(2) With no signal applied to the input of the analyzer, observe 
the response on the display over 0 to 1800 MHz to verify that 
no response exceeding the specification is observed. Ignore 


the 'UNCAL" message, if appears. 
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Fig. 12-48 T.G. output leakage 
12-6. PHASE AND GROUP DELAY DISPLAY PERFORMANCE CHECK 


This paragraph describes check procedures for the phase and group delay 


(G.D.) display features contained in the instrument. 
12-6-1. Phase Display Range Accuracy 


Specification: Within +3% at each display range +180 +5 deg. 

(1) While the instrument is in the initial default state, set it up 
as follows: 
Connect the TRACKING GENERATOR OUTPUT connector to the INPUT-1 


connector, then enter as follows: 
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(2) Operate [stte4) and then [= ea [est to read the peak and 
PEAK SEA 


acm SHIFT 


bottom values on the display. Verify that these values are 
within the specification of 180 +5 deg. and -180 +5 deg. 


respectively. 
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Fig. 12-49 Phase display range 
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12-6-2. Phase Offset 


Specification: Must be variable over +250 deg. 
(1) After verifying the phase display range, proceed with the 
following panel setup: 


WRITE 


MHz 
[9 ][S] (Set. phase offset to O ) 


(PHASE OFFSET) 
NEG. PEAK S. 


SHIFT 


(2) While slowly turning the DATA knob to increase phase offset 
from 0 to 4096, verify that the marker on the display moves 


over more than 500 deg. as shown below: 


+180° +180 


—180° 
PHASE OFFSET 0O 4096 
| | 
500° oo 


PHASE 0° 
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Fig. 12-50 Phase offset test 
12-6-3. Group Delay Offset 


Specification: Must be variable over more than 3600 deg. 


(1) After verifying the phase offset, proceed with the following 


setup: 
kHz 
+dBm 
Press | 2 and then use Lo to set group delay 


(G. 0. OFFSET) 


offset to 2000. 
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12-6-4. 


(2) 


(3) 


(4) 


kHz 
+48 , 
Press Ej again and then use | to set group delay 


(G. D. OFFSET) 


offset fine to Q. 
MHz 
Now press - . Adjust phase offset with the DATA knob so 


‘ (PHASE OFFSET) F 
that the switching point from +180 deg. is aligned to the 


leftmost graticule as shown below: 
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Fig. 12-51 Group Delay Offset test 


Check to make sure that there are 7.5 saw-tooth waves (360° x 
7.5 = 2700 deg.) between the leftmost and rightmost 
graticules. G.D. offset covers from 0 to 4096, which allows 
for phase variation of more than 5400 deg., since G.D. of 2000 


corresponds to 2700 deg. 


Group Delay Offset Fine 


Specification: 50.6 deg. +2.5 deg. 


(1) After verifying G.D. offset, proceed with the following setup: 


kHz 
Press ras and then use to set G.D. offset to 0. 
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(2) Press i . Adjust phase offset with the DATA knob until 


sec 


(PHASE OFFSET) ‘ i fe 
the phase response 1s positioned to the center of the screen. 


(3) Press | PHASE! Set phase to 8 deg./div. with the DATA knob. 
ASE 


(4) Press 3 and then again Ej . Adjust the DATA 
i msec msec 


(G. 0. OFFSET) (G. 0. OFFSET) 
knob to set G.D. offset fine to 250. 
NEG. PEAK S. 
(5) Then press (9) pari . Verify with the delta 
PEAK SEARCH 4 SHIFT 


marker that the deviation read is within 50.6 +2.5 deg. 
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Fig. 12-52 G.D. offset fine 
12-6-5. Group Delay Display Range Accuracy 


Specification: Within +3% at frequency span of 10 MHz, 40 deg./div. 
(@0°C to 30°C) 
(1) After verifying G.D. offset fine, proceed with this check. 


First press , then adjust the DATA knob to set the phase 
to 40 deg./div. 


kHz 
(2) Press +e and then use Fas to set G.D. offset to "400". 


(G. 0. OFFSET) 


(3) Press to obtain group delay display, then press 
VIEW 


to store the waveform. 
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Use the delta marker to read the delay time shown in the 
following figure, and verify that the readout value is 
within +3% (96 ns) of the display range. 
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Fig. 12-53 Group Delay display range accuracy 


Phase Stability 


Specification: Less than 0.1 deg. p-p/100 ms at frequency span of 


(1) 


(2) 


(3) 


(4) 
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10 MHz, resolution bandwidth of 100 kHz, and video 
bandwidth of 30 kHz 


After verifying G.D. display range accuracy, proceed with this 


kHz 
check. First press Bie , then use LO] to set G.D. 
SEC 


offset to 0 (G. 0. OFFSET) 


kHz 
Press sage again. Use LO] to set G.D. offset fine to 0. 


(G. D. OFFSET) 


Press , then adjust the DATA knob until the signal 
ie OFFSET) 


response is positioned to the center of the vertical scale. 


Press mas | then use the DATA knob to set the phase to 


4 deg./div. 
MHz . 
Press e again, then adjust the DATA knob until the signal 


(PHASE OFFSET) 
response is positioned to the center of the vertical scale. 
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(6) Press , then use the DATA knob to set the phase to 


0.2 deg./div. 
(7) Verify that the ripple within one division of the horizontal 


scale is less than 0.5 div. (0.1 deg.) as shown below. 


REF -10.0 dBm 1 div. (100 msec) 


OS257 


Less than 
Blas Chie ((laehe) 


SWwP 1.0 8 ZERO SPAN <10 MHz> CENTER $1.0 MHz 


Fig. 12-54 Phase stability check 
SUPPLY VOLTAGE VARIATION CHECK 


Specification: +10% (+42, -10% for 240 Vac) 
Required instruments: Slidac transformer 
AC voltmeter (for voltage monitoring) 

(1) While monitoring the AC output voltage of the slidac transformer 
with an AC voltmeter, set it to the specified supply voltage. 

(2) Plug the analyzer to the AC outlet on the slidac transformer. 

(3) Power the instrument. While it is in the initial default 
condition, apply the CAL. OUT. signal to the input. 

(4) While varying the slidac transformer output voltage from -10% to 
+10% (+4% for 240 V) of the specified supply voltage, verify that 


nothing changes in the display information. 
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1|Impact test Littethe- front 
bottom of the 
instrument to a 
beigbt of 3 cm 
from the test 
deck surface, 
then drop it on 
the deck, and 
and verify that 
the instrument 
operates 
normally. 
Carry out 
similar drop 
test for the 
rear and both 
sides of the 
instrument. 
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more 
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accuracy > 500kHz 
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+accuracy of the 
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center frequency 


7|Marker display 
accuracy 


Same as center 
frequency 
accuracy. 


T.G. Counter 


Master 
oscillator 
accuracy xX 
display 
frequency +2 
counts or less 
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WARRANTY 


Takeda Riken product is warranted against defects in material and 
workmanship for a period of one year from the date of delivery to 
original buyer. 


LIMITATION OF WARRANTY 


The foregoing warranty shall not apply to defects resulting from im- 
proper or inadequate maintenance by buyer, unauthorized modification 
or misuse, accident or abnormal conditions of operations. 

No other warranty is expressed or implied. Takeda Riken specifically 
disclaims the implied warranties of merchantability and fitness for a 
particular purpose. 

Takeda Riken shall not be liable for any special incidental or conse- 


quential damages, whether in contract, tort or otherwise. 


SERVICE 


During the warranty period, Takeda Riken will, at its option, either 
repair or replace products which prove to be defective. 

When trouble occurs, buyer should contact his local supplier or Takeda 
Riken giving full details of the problem and the model name and serial 
number. 

For the products returned to Takeda Riken for warranty service, buyer 
shall prepay shipping and transportation charges to Takeda Riken and 
Takeda Riken shall pay shipping and transportation charges to return 
the product to buyer. However, buyer shall pay all charges, duties, and 
taxes incurred in his country for products returned from Takeda Riken. 
Repair service and supply of repair parts for a product purchased from 
Takeda Riken is guaranteed for 7 (seven) years. 


CLAIM FOR DAMAGE IN SHIPMENT 
TO ORIGINAL BUYER 


The product should be throughly inspected immediately upon original 
delivery to buyer. All material in the container should be checked 
against the enclosed packing list or the instruction manual alternatively. 
Takeda Riken will not be responsible for shortage unless notified 
immediately. 

If the product is damaged in any way, a claim should be filed by the 
buyer with carrier immediately. (To obtain a quotation to repair 
shipment damage, contact Takeda Riken or the local supplier.) Final 
claim and negotiations with the carrier must be completed by buyer. 


Takeda Riken Co., Ltd. 


Address: Shinjuku-NS Building, 4-1, Nishi-shinjuku 2-chome, Shinjuku-ku, Tokyo 160, Japan. 
a Phone: (03)342-7500, Facsimile: (03)342-7510, Telex: 232-4914 TAKEDA J 


